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ABSTRACT 
 
 
PALEOFLOOD RECORD RECONSTRUCTION AT AN ARCHAEOLOGICAL  
SITE ON THE OWYHEE RIVER, SOUTHEASTERN OREGON 
by 
Stephanie Louise Vandal 
July 2007 
 
The magnitude and frequency of late Holocene floods on the Owyhee River in 
southeastern Oregon were reconstructed from fine-grained flood deposits at three sites in 
the river canyon. The stratigraphy at the Birch Creek study site (BCSS) preserves a 
record of seven to nine large floods from the last 2800 years. Two additional study sites, 
the Iron Gate and Waterwheel, within a 5-km reach of the BCSS, showed 18–26 floods 
from the late Holocene to 1993 A.D. and 17–22 floods from 8600 B.P. to 1993 A.D., 
respectively. Hydrologic Engineering Center-River Analysis System modeling of the 
1993 flood and several paleofloods suggests that the 1993 flood (1600 m3s−1) was one of 
the largest floods to have occurred on the Owyhee River in at least the last 1400 years, 
and perhaps in the last 2800 years. 
Artifacts found to date in the profiles and trench walls at the BCSS are consistent 
with ages suggested by radiocarbon analyses. Artifacts found at the Iron Gate site, 
approximately 2 km downstream from the BCSS, indicate extensive human use of the site 
during or after a period when it contained a localized wetland environment, but the 
overbank flood deposits since that time expose no obvious human occupation sites. In 
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contrast, the BCSS upstream includes human artifacts interbedded with the paleoflood 
deposits.  
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CHAPTER I 
INTRODUCTION 
 
 
Purpose of Study 
The purpose of this research was to obtain an understanding of the magnitude, 
frequency, and timing of Holocene paleofloods on the Owyhee River in southeastern 
Oregon to interpret the possible impacts on the prehistoric human occupants living along 
the river and the preservation of archaeological sites. The paleoflood deposits examined 
for this research are located on flood benches that flank the Owyhee River. Archae- 
ologists have previously examined this area and found much evidence of human 
occupation during the mid-Holocene (~6500–2500 B.P.), yet only scant evidence of 
occupation during the Late Holocene (post-2500 B.P.) (Andrefsky et al., 2003; 
Andrefsky, pers. comm., November 7, 2005).  
The two primary hypotheses for this study were (1) a change in the frequency of 
large floods through time may correspond to a change in human occupational patterns 
and (2) the 1993 flood was one of the largest to have occurred in the Holocene on the 
Owyhee River. Deposits from this flood have been described in other reaches along the 
Owyhee River (Ely and House, 2001).  
Five objectives were set to test the hypotheses for this research: (1) describe and 
interpret the stratigraphy at the Birch Creek study site (BCSS), using two riverbank 
profiles and a trench excavated by archaeologists to quantify the age and number of 
floods recorded in the stratigraphy (this information can then be used by archaeologists to 
infer how these floods may have impacted the human occupants living along the river or 
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the preservation of the archaeological sites); (2) examine the stratigraphy from two other 
downstream sites, the Iron Gate site and the Waterwheel site, and compare the 
stratigraphy and timing of flood episodes at these sites to those at the BCSS; (3) use the 
Hydrologic Engineering Center River Analysis System (HEC-RAS) modeling program to 
determine the flood discharge necessary to overtop the riverbank profiles and 
archaeological trench at the BCSS; (4) use the HEC-RAS modeling program to find the 
water-surface elevation of the 1993 A.D. flood that occurred on the Owyhee River to 
determine the recurrence interval of floods of equivalent magnitude and understand the 
implications of this flood in the stratigraphy and flood record of the Owyhee River; and 
(5) assess the stratigraphic context of the 1993 flood at the BCSS, Iron Gate, and 
Waterwheel sites to contribute to the compilation of the developing Holocene paleoflood 
study on the Owyhee River (Ely and House, 2001).   
Flood Frequency Analyses 
 Paleoflood studies can extend knowledge of flood frequency beyond what is 
known from historic flood records (Costa, 1978; Kochel and Baker, 1982; Chatters and 
Hoover, 1986; Ely et al., 1993; Enzel et al., 1994; Ely, 1997). Historic flood records 
studied to predict flood frequency only record a short time-frame of flooding, usually 
only within the past century; therefore, much information is missed if paleoflood studies 
are not conducted (Stedinger and Cohn, 1986; Stedinger and Baker, 1987; Blainey et al., 
2002; Jarrett and England, 2002; Webb and Jarrett, 2002). Studying paleoflood deposits 
not only contributes understanding to high-frequency floods, but also provides 
information on low-frequency, large-magnitude floods (Kochel and Baker, 1982). 
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Previous paleoflood studies in rivers of the western United States have shown that 
rare, large-magnitude flooding is often the result of extreme regional hydroclimatological 
events (Ely et al., 1993; Ely, 1997; Rhodes, 2001). These extreme events often occur at 
intervals much longer than the extent of many historic flood records. Therefore, the large-
magnitude flooding that is associated with these events is often not taken into account 
when designing dams, bridges or other floodplain structures (Levish, 2002). 
Occasionally, these extreme hydrologic events and their large-magnitude flood 
counterparts have occurred within the historic record (Hosman et al., 2003; Ely and 
House, 2001). When this happens, it allows research to be done on these large floods and 
furthers the understanding of the low-frequency, high-magnitude floods that may not 
have occurred in the historic record. 
Much work has been done to reconstruct paleoflood records in semiarid areas of 
the western United States (Patton and Dibble, 1982; Webb et al., 1988; Ely and Baker, 
1985, Ely, 1997) through the use of flood deposit sedimentology and stratigraphy, 
radiocarbon age analysis, and hydraulic modeling (Costa, 1978; Kochel and Baker, 1988; 
Hosman et al., 2003). Geomorphic evidence at archaeological sites along rivers can lead 
to development of flood histories for those rivers (Patton and Dibble, 1982; Chatters and 
Hoover, 1986; Huckleberry, 1995). Artifacts found between flood deposits indicate a 
surface that was exposed long enough for humans to have lived upon it and therefore 
represents a significant time gap or break in a flood record (Enzel et al., 1994). Also, 
charcoal is usually prevalent in sites of occupation and using charcoal dates to bracket 
stratigraphy or to date boundaries between flood deposits is useful in developing the 
timing of flood events in these paleoflood records.  
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Previous Holocene Stratigraphic Research on the Owyhee River 
Several stratigraphic profiles along the Owyhee River have been described by Ely 
and House (2001), including the stratigraphy at the Waterwheel site, in order to develop 
an understanding of the Holocene paleoflood record on the Owyhee River. Due to the 
close proximity to the BCSS, the data from the Waterwheel site have been used in 
conjunction with the data from the BCSS and Iron Gate site to provide a detailed 
investigation of the Holocene paleoflood record in a ~5-km reach of the Owyhee River. 
The results of this paleoflood study of the BCSS, Iron Gate, and Waterwheel sites will 
build upon the previous work conducted by Ely and House (2001) to further constrain 
and describe the Owyhee River paleoflood history. 
Physical and Climatic Setting of the BCSS 
 The BCSS is located on the Owyhee River in southeastern Oregon (Fig. 1). Data 
from the United States Geological Survey (USGS) gage station in Rome, Oregon show 
that the Owyhee River drains approximately 20,720 km2 throughout a mostly arid plateau 
region with some high mountain peaks. The river originates in northeastern Nevada and 
flows into southwestern Idaho and on into southeastern Oregon. From there, the Owyhee 
River flows in a general northward direction along the Oregon-Idaho border until it 
drains into the Snake River in Idaho.  
Geologic Setting 
 The BCSS lies within the Oregon-Idaho graben, a 50- to 60-km-wide, north-
south-trending synvolcanic graben located in southeastern Oregon and southwestern 
Idaho (Cummings et al., 2000). Formation of the Oregon-Idaho graben occurred dike 
swarms for the Imnaha and Grande Ronde Formations of the Columbia River Basalt  
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Figure 1. Location of the Owyhee River drainage basin in the northern Basin and Range. 
Also shown is the location the Birch Creek Study Site (BCSS) (area inside the red 
rectangle) and the USGS stream gage in Rome, Oregon.  
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Group (Cummings et al., 2000). Shortly after the eruption of the flood basalts, rhyolite 
flows and ash-flow tuffs erupted from northeastern Oregon and northern Nevada, 
approximately 16.1–14.0 Ma (Cummings et al., 2000). The eruption of these middle 
Miocene rhyolite flows and pyroclastic rocks coincides with the Oregon-Idaho graben 
subsidence, which occurred approximately 15.5–15.3 Ma (Cummings et al., 2000). 
 The structural evolution of the Oregon-Idaho graben began after subsidence and 
occurred in three stages (Cummings et al., 2000). Stage 1 was characterized by deposition 
of fluvial and lacustrine sediments subsequent to intragraben caldera collapse (15.3–14.3 
Ma). Calc-alkalic magmatism associated with synvolcanic collapse along intragraben 
faults characterized stage 2 (14.3–12.6 Ma) and the Oregon-Idaho graben was divided 
into subbasins. During stage 3, volcanic and sedimentary aggradation that exceeded 
graben subsidence occurred (12.6–10.5 Ma). After subbasin infilling, volcanic material 
and lacustrine and fluvial sediments were deposited across the Oregon-Idaho graben. 
Subsidence and intragraben volcanism ceased by 10.5 Ma as extension migrated to the 
western Snake River plain and west-northwest-trending structures cut off the northeastern 
part of the graben (Cummings et al., 2000). 
 In the late Pleistocene (ca 13,000 B.P.), a large flood with a discharge of 10,000–
40,000 m3s−1 entered the Owyhee River near Rome, Oregon (Fig. 1) from the outburst of 
Pleistocene Lake Alvord (Carter et al., 2006). This outburst flood eroded the landscape 
and possibly left a depositional record in the Owyhee River canyon. Numerous 
Pleistocene and late Tertiary basalt flows entered the Owyhee River Canyon, one of 
which lies directly west of the BCSS (Brossy, 2007). As these flows entered the river 
canyon, they blocked the river and, as a result, changed the flow direction of the river. 
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Both the outburst flood and basalt lava flows took place prior to the mid-to-late Holocene 
paleoflood events at the BCSS. 
Modern Climate, Vegetation, and Hydrology 
The variety of seasonal climates in the western United States today is a result of 
varying relief and landforms, as well as climatic gradients related to the winter North 
Pacific and summer subtropical moisture sources (Thompson et al., 1993). At present, the 
region around the northern Basin and Range is quite dry; average annual precipitation 
near Rome, Oregon is approximately 21cm (Walker, 2001), with most of this 
precipitation falling during the winter months. Sagebrush, rabbitbrush, bluebunch 
wheatgrass, and cheatgrass dominate the BCSS vegetation (Walker, 2001). 
 Intense, localized precipitation does not seem to be the cause for high-water 
stages in the Owyhee River. Rather, rapid spring snowmelt or possibly rain-on-snow 
events occurring in late fall/early winter, seem to affect water stage. The historic flood 
record for the Owyhee River used in this research was collected from the USGS gaging 
station in Rome, Oregon (Fig. 1), which is a continuous-collection gage. This record 
extends back to water year 1950 (Fig. 2). While this gaging station collects a continuous 
record of data, the majority of annual peak discharges occurred during March (including 
peak flow for the 1993 flood) and April. The average peak annual flow at this USGS 
gage station in Rome, Oregon is 385 m3s−1. 
Paleoclimate 
 Although a thorough mid-to-late-Holocene paleoclimatic study of the northern 
Basin and Range has yet to be completed, there are researchers (Thompson et al., 1993; 
Mehringer, 1996) who have examined pollen samples from packrat middens and  
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Figure 2. Annual peak flows of the Owyhee River at Rome, Oregon (USGS gage station 
1318100). The majority of peak flows occurred in March (including the 1993 flood 
measurements) and April.  
 
sediment cores of several lakes near the study site that can be used for a general 
understanding of the Holocene paleoclimate of the study area. Sediment cores from Fish 
Lake and Wild Horse Lake, both located in the Steens Mountains in Oregon, and packrat 
middens from Diamond Pond, located in the Harney Basin north of the Steens Mount-
ains, give clues to the Holocene climate of eastern Oregon (Mehringer, 1996). The pollen 
analyzed in the lacustrine cores show evidence for sagebrush expansion from 8700 to 
4700 B.P. in Fish Lake and from 7200 to 3800 B.P. in Wild Horse Lake, likely resulting 
from increasing temperatures and a decreasing snow pack (Mehringer, 1996). Pollen data 
from the packrat middens from Diamond Pond show rising juniper pollen values from 
3800 to 2200 B.P., indicating a period of greater effective moisture (i.e., wetter 
conditions) (Mehringer, 1996). 
Thompson et al. (1993) conducted a paleoclimatic study of the western United 
States from 18 ka to 6 ka using packrat middens, lake-level records and stratigraphic 
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pollen records to show several effective moisture fluctuations in the Holocene. Results of 
their study indicate that the northern Great Basin had effective moisture levels higher 
than today during the latest Pleistocene and early Holocene. By about 9 ka, effective 
moisture was no different relative to today and by approximately 6 ka, effective moisture 
was lower (drier) than modern levels (Thompson et al., 1993). This same paleoclimate 
study by Thompson et al. (1993) examined the timing of maximum and minimum 
effective moisture for the western United States. For the northern Great Basin, maximum 
effective moisture occurred 3 or 9 ka and minimum effective moisture occurred 6 ka. 
Although the Holocene paleoclimate specifically at the BCSS is not available, the 
research done by Mehringer (1996) and Thompson et al. (1993) reflect the best available 
information on the Holocene paleoclimate of the surrounding area. The data from these 
researchers lend a fairly good, general perspective of what the Holocene paleoclimate 
may have been like at the BCSS.   
Study Site Location 
 The primary study site where paleoflood deposits were examined for this research 
was the BCSS. This site is located on the western bank of the Owyhee River, approx-
imately 500 m upstream of where Birch Creek drains into the Owyhee River (Fig. 3). In 
this reach of the Owyhee River flow direction is south (Fig. 3). The BCSS is located on a 
Holocene flood bench and is bound to the west by a large basalt-capped hillslope.  
 Paleoflood deposits described at the Iron Gate site and Waterwheel site were also 
from riverbank profiles. The Iron Gate site is located ~2 km downstream of the BCSS 
and the Waterwheel site is ~3 km downstream of the Iron Gate site. 
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Figure 3. BCSS location. (A) is a 1:24,000-scale aerial photograph depicting the Owyhee 
River, the Birch Creek study site (BCSS) (solid black rectangle), the previous 35ML181 
site, the Bureau of Land Management (BLM) ranch and the location of Birch Creek. (B) 
is a detailed 1:2,000-scale aerial photograph of the BCSS from (A). AT—archaeological 
trench; RP 1—riverbank profile 1; RP 2—riverbank profile 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 11
Archaeology 
For the past several years, Washington State University (WSU) has conducted an 
archaeological field camp on the Owyhee River, approximately 250 m upstream of the 
BCSS (Fig. 3) (Andrefsky et al, 1999; Andrefsky, 2000; Andrefsky and Presler, 2000; 
Andrefsky et al., 2000; Walker, 2001; Andrefsky et al., 2003). All archaeological 
excavations upstream of the Birch Creek-Owyhee River confluence (Fig. 3) are defined 
as 35ML181 sites. For clarification between the archaeological site 250 m upstream of 
the BCSS and the one investigated at the BCSS, this upstream site will be referred to as 
“the previous 35ML181 site” (Fig. 3).  Site investigations conducted at the previous 
archaeological field methods and techniques (Andrefsky et al., 2003).  This site is located 
on a three-terrace sequence (Fig. 3 in Walker, 2001) downstream of a large bend in the 
Owyhee River (Fig. 3). The oldest terrace, terrace 3, is the highest in elevation and is 
composed of sandy flood sediments (Walker, 2001). This terrace has large-scale ridge 
and swale topography with colluvial gravels scattered across the surface (Walker, 2001). 
The geoarchaeologists who investigated the previous 35ML181 site suggested that this 
ripple-like topography has indications of formation from to a large, catastrophic flooding 
event (Walker, 2001; Andrefsky et al., 2003). If a catastrophic flooding event was indeed 
the cause of the topography noted on terrace 3, it is possible that this large event could 
have originated from landslide or lava dam failure (Brossy, 2007) or from an outburst 
flood of Pleistocene Lake Alvord (approximately 13,000 B.P.) (Carter et al., 2006). 
Terrace 2 and terrace 1 are also composed of sandy flood sediments and are 
located on the eastern portion of the large bend in the river (Fig. 10 in Walker, 2001). The  
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presence of Mazama ash near the base of terrace 2 indicates a maximum age of formation 
of approximately 7000 B.P.  
The majority of the prehistoric occupation at the previous 35ML181 site was 
found interbedded between the sandy flood deposits inland from the Owyhee River on 
terrace 2 (Andrefsky et al., 2003). The portion of terrace 2 that is closest to the river is 
mostly sterile in archaeological evidence, being primarily susceptible to destructive 
fluvial processes of the Owyhee River. 
Archaeological and geomorphic investigations of the previous 35ML181 site 
indicate that the site is an early to middle Archaic (Table 1) site (Walker, 2001; 
Andrefsky et al., 2003). Using diagnostic artifacts, radiocarbon dating of charcoal, and 
tephra-age analysis, the archaeologists inferred that there was episodic occupation of this 
site from 7000 to 2400 B.P. (Walker, 2001; Andrefsky et al., 2003). Ethnographically, the 
previous 35ML181 site is interesting in that it and surrounding sites in the Owyhee 
Uplands contains artifacts suggesting influence from both the Columbia River Plateau 
culture and the northern Great Basin culture (Andrefsky et al., 2003). 
The artifacts found at the previous 35ML181 site indicate a lack of bow and arrow 
technology and pottery, suggesting that occupation of this site did not occur after 2100 
B.P. (Andrefsky, 2000). No other site dating to the late Archaic had been found in this 
area of the Owyhee River. Andrefsky (pers. comm., November 7, 2005) suggested that 
this absence in occupation could be a result of (1) the human occupants not settling in this 
area of the Owyhee River during this time period, (2) the sites that date to this time 
period were not preserved, (3) late Holocene sites have not yet been located, and (4) 
changing climatic conditions or the hydrologic regime of the river forced the people to 
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TABLE 1. OWYHEE RIVER ARCHAEOLOGICAL AND GEOLOGICAL 
CHRONOLOGY†  
 
Period name 
 
 
Phase name 
 
Archaeological age 
(B.P.) 
 
Geological age 
 
    
Protohistoric Ethnographic Expansion 
 
A.D. 1850–300 Late Holocene 
Late Archaic Rosegate 1000 Late Holocene 
 
Middle Archaic Southern Snake River 
 
2500 Late Holocene 
 
Early Archaic Uplands Camp 6000 Middle Holocene 
 
Paleoindian Windust 8000–11,000 Early Holocene 
†Modified from Andrefsky et al. (2003). 
 
 
 leave the area entirely.  The absence of middle-to-late Archaic (Table 1) occupation in 
this area spurred interest in finding a site containing evidence of this missing timeframe 
along this section of the Owyhee River (Andrefsky, pers. comm., November 7, 2005). 
Thus, archaeology (Fig. 4) and geomorphology fieldwork was conducted during the 
summer of 2006 to search for evidence of a post-2500 B.P. occupation and to gain an 
understanding of the frequency and magnitude of paleofloods on this section of the 
Owyhee River. 
 
 
 
 
 
 
 
 14
 
A 
 
 
 
B 
 
Figure 4. Archaeological excavation in progress. Student archaeologists excavating the 
2006 WSU field school site. Both (A) and (B) show progress in excavation of the 
archeological trench on the Owyhee River. 
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CHAPTER II 
METHODS 
 
 
Geomorphic Map 
 Using 1:2,000-scale aerial photographs and a stereoscope, different geomorphic 
features of the BCSS were identified, such as flood benches, colluvial hillslopes and 
Quaternary basalt lava flows. These features were noted and a geomorphic map of the 
BCSS was constructed by tracing these features onto Mylar paper. The map was then 
scanned and digitized.  
Stratigraphy 
Stratigraphic descriptions were conducted at three sites along the Owyhee River: 
the BCSS, the Iron Gate site, and the Waterwheel site. The stratigraphy for two riverbank 
profiles and an archaeological trench were described at the BCSS. Two sections, the 
upper section and lower section, were combined to represent the riverbank profile 
described at the Iron Gate site, located approximately 2 km downstream of the BCSS. 
The Waterwheel profile, described in 2001 by Ely and House, was a riverbank profile 
located near an old waterwheel approximately 5 km downstream of the BCSS.  
All depth measurements in the stratigraphic profiles were taken in centimeters 
below the ground surface with the exception of the archaeological trench. Depth 
measurements in the trench were taken from a set datum established by the WSU 
archaeology field school. For consistency in describing the stratigraphic units for this 
flood record research and the WSU archaeology field school, Roman numerals were 
assigned to the stratigraphic units in the archaeological trench. Several of the flood units 
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in riverbank profiles 1 and 2 have the Roman numeral designation as well as the letter 
designation. These units are flood deposits that can be correlated to the archaeological 
trench and vice versa. 
BCSS Stratigraphy 
Stratigraphic descriptions of two riverbank profiles and archaeological trench 
walls were conducted at the BCSS. The archeological trench was excavated perpendi-
cular to the Owyhee River, and the riverbank profiles flanked either side of the trench. 
Riverbank profile 1 was excavated north (upstream) of the trench and riverbank profile 2 
was excavated ~4 m south (downstream) of riverbank profile 1. Approximately 500 m 
downstream of the BCSS is the confluence of Birch Creek with the Owyhee River (Fig. 
3). Near this confluence is the location of the Bureau of Land Management (BLM) ranch 
(Fig. 3).  
The stratigraphy of the archaeological trench walls, riverbank profile 1 and 
riverbank profile 2 at the BCSS was described by (1) noting specific changes in grain size 
by comparing the units to a grain size chart; (2) identifying the color of the sediment 
using a Munsell color chart; (3) noting the presence of carbonates, charcoal, and artifacts; 
and (4) describing the sedimentary structures and nature of the boundaries between 
stratigraphic units. These methods were used to divide the profile into stratigraphic units, 
which were then correlated among the two riverbank profiles and the archaeological 
trench walls.  
Artifacts found in the stratigraphic units were examined by WSU archaeologists 
present at the site and their location in the trench wall/riverbank profile was noted as well 
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as any diagnostic age information. Three charcoal samples from the riverbank profiles 
provided age constraints for the paleoflood deposits.  
Sediment samples were taken from each of the riverbank profiles and from two 
areas in the archaeological trench for grain size analysis. These samples were removed 
from each stratigraphic unit in the profile and were sieved to separate the sediment from 
each stratigraphic unit into various grain sizes. A total of 10 sieves were used, the largest 
with a 2-mm sieve and the smallest with a micrometer opening smaller than 45 μm. The 
weight of each sieved sample was divided by the total weight of the sample and the 
dominant grain size (greatest percentage of total weight of each sample) was determined.   
Archaeological Trench 
 Based upon previous site investigation and ground-penetrating radar, WSU 
archaeologists chose where to begin excavating for the 2006 field season. The main focus 
of excavation was centered approximately 500 m north of the Birch Creek confluence 
with the Owyhee River. The archaeologists began by surveying the area and set up a grid 
system of easting- and northing-designated 1-m by 1-m units. Each unit was then 
excavated carefully, removing approximately 2 cm per level based upon a set datum. The 
soil texture and color of each level was determined and recorded. Artifacts found were 
identified and recorded and charcoal samples were taken. Features important to the 
cultural occupation were noted and all relevant material (artifacts, charcoal samples, 
features) were surveyed. This excavation of 1-m by 1-m units continued as features began 
to appear. A total of seventeen 1-m by 1-m units were excavated, taking the shape of a 
trench. The walls of each 1-m by 1-m unit in the trench were designated by which 
compass direction and grid unit they were in (e.g., south wall in N730 E1057). After 
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excavation was complete, the stratigraphy of each wall in the trench was described using 
the same methods as for the riverbank profiles.  
Stratigraphy of the Iron Gate and Waterwheel Sites 
In addition to the stratigraphy described for the riverbank profiles and 
archaeological trench walls at the BCSS, paleoflood deposits were described at two other 
locations. The Iron Gate and Waterwheel sites were located approximately 2 km and 5 
km downstream of the BCSS, respectively. The stratigraphy was described using the 
same techniques as for the BCSS. The stratigraphy at the Iron Gate was described in 
2006, whereas the Waterwheel site was described in 2001 by Ely (2001). Correlation of 
the stratigraphy from these sites to the BCSS was done using artifact and radiocarbon 
dates as well as noting the number of floods above the stratigraphic units containing these 
known dates. 
HEC-RAS Modeling 
In order to understand how the Holocene paleofloods affected the BCSS, it was 
necessary to find the minimum discharge needed to top two main features at the site: 
riverbank profile 1 and the archaeological trench. In addition, the elevation reached by 
the 1993 flood was also investigated. To find these minimum discharges and elevation of 
the 1993 flood, a one-dimensional steady flow analysis was conducted using the United 
States Army Corps of Engineers, HEC-RAS model (Hydrologic Engineering Center, 
2002).  
Cross-section data from the study site were obtained using a total station to survey 
five cross sections spanning the river and field site (cross-section 5 was the furthest 
upstream and cross-section 1 was the furthest downstream). The elevation of each point 
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and cumulative distance points (distance of each point from the first point in each cross 
section) for all five of the cross sections were entered into HEC-RAS. The program’s 
default values for roughness, expansion, and contraction were used. The default 
roughness value was reasonable for a gravel bed stream and there was no expansion or 
contraction in the river at the BCSS, so there was no need to change the default settings 
for those variables. 
 In order to conduct discharge estimates, riverbank profile 1 and the top of the 
archaeological trench were included in the survey of cross-section 2. Steady flow 
analyses were then run using the elevation of riverbank profile 1 and the archaeological 
trench and estimated discharges. To find the minimum discharges required to top these 
features, a variety of estimated discharge values were entered into the HEC-RAS 
program until the water-surface profile output matched the elevations of these features. 
An initial elevation of the unknown inland extent of the 1993 flood was estimated and 
increased until a smooth water-surface profile was established.  
The value used for the discharge of the 1993 flood was the actual discharge 
recorded upstream on the USGS gage at Rome, Oregon (Fig. 1). This value was 1577 
m3s−1 or 55,700 ft3s−1. There are no major tributaries flowing into the Owyhee River 
between this gage in Rome and the BCSS; therefore it was concluded that this would be 
an adequate discharge for the BCSS. However, the source for the flood originated in the 
headwaters of the Owyhee River in northeastern Nevada. Therefore, the peak discharge 
could have been different at the BCSS than that recorded at Rome and skewed the HEC-
RAS results. 
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Hydrometeorology of the 1993 Flood 
 In order to gain a better understanding of the flooding that occurred on the 
Owyhee River on March 18, 2003, discharge records for rivers surrounding the Owyhee 
River were examined using the USGS Real-Time Water Data Web site (http://waterdata 
.usgs.gov/nwis/rt; accessed July 15, 2007). The rivers examined to compare discharge to 
the Owyhee River were located in northern Nevada, southeastern Oregon, and western 
Idaho. These rivers were chosen due to their relative proximity to the Owyhee River and 
similar climatic regime. 
To investigate whether March 1993 precipitation and snow pack were anom-
alously high, hydrometeorological data were examined from the U.S. Department of 
Natural Resources, Natural Resource Conservation Service’s Web site (http://www3 
.wcc.nrcs.usda.gov/; accessed July 15, 2007). Data from six SNOTEL [snow telemetry] 
stations in northern Nevada (three from the Upper Owyhee and three from the South Fork 
Owyhee) were examined, and the March precipitation and snow pack data from each of 
these stations (from each year of the SNOTEL record, ~1979–2006) were compared to 
the March 1993 data. March precipitation and snow pack data from each station were 
compiled into tables covering 3-year intervals, including 1993.   
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CHAPTER III 
RESULTS 
 
 
Geomorphic Map 
The geomorphic map of the BCSS is shown in Fig. 5. In total, six flood benches 
were identified, including the active floodplain. Flood benches 1, 2, 3, and 5 correlate to 
terraces T0, T1, T2, and T3 assigned by Walker (Fig. 3 in Walker, 2001). Above the 
flood benches on either side of the river, steep colluvial hillslopes are capped by 
Quaternary lava basalts (Fig. 5). 
Stratigraphy 
 A summary of the stratigraphy from the BCSS (riverbank profiles 1 and 2, and the 
archaeological trench), the Iron Gate site, and the Waterwheel site follow in the sections 
below. Detailed stratigraphic descriptions are found in Appendix A and global posi-
tioning system (GPS) coordinates are located in Appendix B. Details on the charcoal 
samples are found in Appendix C. Stratigraphic units that were determined to be flood 
deposits have a capital letter designation (e.g., flood unit G), assigned in alphabetical 
order. The letters for riverbank profiles 1 and 2 and the archaeological trench indicate 
correlative units within the BCSS. However, only unit A was correlated among the all the 
sites examined in this study as it is the 1993 flood deposit. The remaining letters (after 
letter “A”) at the Iron Gate and Waterwheel sites are specific to each site and do not 
indicate correlations with individual flood deposits at the other sites.  
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Figure 5. Geomorphic map of the BCSS. A total of six flood benches were identified, 
including the active floodplain. 
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Riverbank Profile 1 
 Riverbank profile 1 was located just off the northeastern corner of the 
archaeological trench (Figs. 6 and 7). The top of the profile was 4.44 m above the current 
water-surface elevation of the Owyhee River (Fig. 8). A total of 14 stratigraphic units 
were described in riverbank profile 1, which extended 172.5 cm below the ground surface 
(Fig. 8). A summary of the major changes in the stratigraphy of riverbank profile 1 
follows; full stratigraphic descriptions are found in Appendix A. 
 
 
Figure 6. Map view of the BCSS. The archeological trench was excavated perpendicular 
to the Owyhee River, and the riverbank profiles flanked either side of the trench. BCSS—
Birch Creek study site; AT—archaeological trench; RP 1—riverbank profile 1; RP 2—
riverbank profile 2. 
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Figure 7. Riverbank profile 1. The dominant units in this profile have been highlighted on 
this photograph: unit A (I), which is the 1993 flood deposit in this profile, and units B (II) 
and I (VII). Unit B (II) has a calibrated radiocarbon age of 1490–1170 B.P. Letter 
designation—flood deposit; Roman numeral—correlated unit in the archaeological 
trench. 
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Figure 8. Stratigraphy of riverbank profiles 1 and 2. Riverbank profile 1 is located 
upstream of riverbank profile 2 (see Fig. 6). Calibrated radiocarbon ages were assigned to 
units B (II) and J. WSE—water-surface elevation; Letter designation—flood deposit; 
Roman numerals and color—correlated unit in the archaeological trench; lines—
correlating flood units; Elko point—diagnostic artifact. 
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The bottom flood unit in riverbank profile 1, unit N (151.5–172.5 cm), was a very 
well-sorted, medium sand flood deposit that was dark grayish brown in color. The three 
flood units above unit N (units M, L, and K; 127–151.5 cm) were all very well sorted silt 
ranging from dark grayish brown to very dark brown. Flood unit J extended from 105.5 
to 127 cm and was very well sorted, stained fine sand. The matrix color in this unit was 
dark yellowish brown and the stain itself was brown. From 86 to 105.5 cm (unit I (VII)), 
a very well sorted, charcoal-stained, silty flood unit was described. The matrix of this 
flood unit was very dark grayish brown and the charcoal stain was a very dark brown. 
Throughout this flood unit, there were numerous charcoal flecks and a piece of charcoal 
was sampled from this unit (061106.1, Appendix C). An Elko point, identified by 
Andrefsky (pers. comm., June 10, 2006) was found in this unit at approximately 95 cm. 
This projectile point ranges in age from 6700 to 2500 B.P. (Andrefsky, pers. comm., 
September 12, 2006). The presence of the charcoal stains and Elko point likely indicate 
cultural activity.  
Above unit I (VII) are two very well sorted silty flood deposits, H (71–86 cm) and 
G (60–71 cm). These flood deposits are very dark grayish brown and dark yellowish 
brown, respectively. Two charcoal samples were taken from the boundary between these 
two flood units (061706.1 and 061706.3, Appendix C), and one sample (061906.2, 
Appendix C) was taken from the upper portion of unit G. Flood units F (56–60 cm), E 
(VI) (48–56 cm), and D (IV) (34–48 cm) had a much coarser grain size than the 
subsequent units and were medium to coarse sand, upward-grading coarse to fine sand, 
and medium to coarse sand, respectively. These three units were all a dark gray to grayish 
brown. Unit D (IV) contained some pebble clasts that were 3–7 cm in width.  
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The three upper flood units, C (IX) (24–34 cm), B (II) (14–24 cm), and A (I) (0–
14 cm; the 1993 flood deposit), were all very well sorted fine sand flood units and ranged 
in color from pale brown to dark grayish brown. Charcoal sample 061706.4 (Appendix 
C) was taken from the upper portion of unit B (II), submitted for radiocarbon dating, and 
came back with a calibrated age of 1170–1490 B.P. A human-worked flake was found 
near this charcoal sample in flood unit B (II). 
Riverbank Profile 2 
 Riverbank profile 2 was located 8 to 10 m south of riverbank profile 1 (Fig. 6). A 
total of eight stratigraphic units were described in this profile, which extended beyond 
115 cm below the ground surface. The top of the profile was located 4.20 m above the 
current water surface of the Owyhee River (Figs. 8 and 9). A summary of the major 
changes in the stratigraphy of riverbank profile 2 follows; full stratigraphic descriptions 
are found in Appendix A. 
 The bottom flood deposit, unit J, was very well sorted fine sand. The sediment 
was brown in color and a sample (062806.1, Appendix C) identified as charred bone by 
Andrefsky (pers. comm., June 10, 2006) was taken from 121 cm and sent in for 
accelerated mass spectrometry radiocarbon age analysis. The calibrated age, 2880-2750 
B.P., sets the bottom bracketing age for the stratigraphy at the BCSS. Flood unit I (VII), 
located directly above unit J, extended from 104 to 115 cm and was very well sorted, 
very fine charcoal-stained sand. In the middle of this unit is a thin carbonate band (109–
111 cm) that is very effervescent when HCl is applied to the sediment. The charcoal-
stained sand is dark grayish brown and quite similar to the stain in unit I (VII) in   
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Figure 9. Riverbank profile 2. The dominant units in this profile have been highlighted on 
this photograph: unit A (I), which is the 1993 flood deposit in this profile, and units I 
(VII) and J, which have a calibrated radiocarbon age of 2800–2750 B.P. Letter 
designation—flood deposit; Roman numeral—correlated unit in the archaeological 
trench.  
 
riverbank profile 1.The carbonate band sediments are light brownish gray. Three charcoal 
samples were taken from unit I (VII), two from the upper portion (062806.4 and 
070106.3a, Appendix C), and one from the lower portion (070106.3b, Appendix C). 
Flood deposit units G (97–104 cm), E (VI) (85–97 cm), and D (IV) (37–85 cm) were all 
very well sorted and range in grain size from very fine to fine sand (there was no 
evidence of flood units F or H in this profile, so the letters were skipped). The upper 
portion of flood unit D (IV) had a compact carbonate band with charcoal flecks 
throughout and charcoal sample 070106.1 was taken from the bottom of this unit 
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(Appendix C). Units D (IV), E (VI), and G all had slight effervescence when HCl was 
applied to the sediments. These three units ranged in color from pale brown to grayish 
brown. Charcoal sample 062806.3 was taken from the bottom of unit E (VI) and sample 
062806.2 was taken from the top of unit G (Appendix C). Flood unit C (IX) (21–37 cm) 
had inversely graded fine to medium sand that was grayish brown in color. Two charcoal 
samples were taken from this unit: sample 063006.1 was taken from the middle of the 
unit and submitted for radiocarbon dating, and sample 070106.2 was taken from the 
bottom of the unit (Appendix C). Extending from 9 to 21 cm, flood unit B (II) was well 
sorted, fine to medium sand that was dark grayish brown in color. The 1993 flood 
deposit, unit A (I), extended from 0 to 9 cm and was very well sorted, very fine to fine 
brown sand.  
Archaeological Trench 
 The archaeological trench was located approximately 500 m upstream of the 
BLM caretaker’s ranch near the confluence of Birch Creek with the Owyhee River (Fig. 
3). As mentioned previously, depth measurements taken for the stratigraphic descriptions 
in the archaeological trench are in centimeters below a datum set up by the WSU 
archaeology field camp. The stratigraphy of the archaeological trench was described in 
all four compass directions (Fig. 10). The description of the trench walls began at the 
southeastern corner of the trench in grid unit N730 E1057 and wrapped around the 
southern walls to the western wall of grid unit N732 E1051 (Fig. 10). The profile then 
continued across the northern walls and ended at the northern wall in grid unit N734 
E1057 in the northeastern corner of the trench (Fig. 10).  
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Figure 10. Layout of the archaeological trench. The grid shows each of the 1-m by 1-m 
units. Each unit is referred to by its easting and northing directions.  
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The main stratigraphic profile from the trench is depicted in Fig. 11. The 
importance of this section of the trench is that the stratigraphy can be followed inland to 
examine how far flood deposits extended inland across the flood bench. A summary of 
the stratigraphy of this south-to-north trench profile follows below, and a more detailed 
description can be found in Appendix A. 
Due to the horizontal extent of this profile and the variable depths of the units 
within it, no depths will be mentioned in the stratigraphic profile summary below or in 
the detailed stratigraphic description in Appendix A. 
The bottom stratigraphic unit in the archaeological trench profile was flood unit I 
(VII). This unit was dark brown silt that was heavily flecked with charcoal and a large 
black charcoal stain was prevalent throughout the profile. A pocket of medium sand, 
designated unit X, was found above unit I (VII). Two brown, fine to medium sand 
cultural units, XIV and XVIII, with dense colluvial clasts up to 7 cm were also found 
above flood unit I (VII). Flood unit E (VI) was found on top of these lower units and 
extended almost all the way to the westernmost (inland) section of the trench. This flood 
unit was very fine to medium, dark gray sand. Unit E (XVII) was a silty, culturally 
influenced unit with burned sediment and charcoal staining. Unit V was located above 
XVII-e and was very fine, light brownish-gray sand. Another flood unit that was 
prevalent throughout the trench was flood unit D (IV), located above unit V. This unit 
was very fine to medium sand and contained three charcoal stains. Unit XVI-d was a fine, 
grayish-brown sand with charcoal flecking throughout. Above this was a fine to medium, 
heavily burrowed brown sand, which was tentatively correlated to unit C (IX). 
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Figure 11. Stratigraphy of the archaeological trench. The layout of the trench is shown in 
the inset figure and the number/letter combination above each wall in the trench (e.g. 7S) 
indicate the location of the wall in the inset figure (number/letter combination and red 
lines in the inset figure). Each wall in the figure is 1 m-by-1 m and vertically 
exaggerated. The south, west and north walls are displayed here in order to show the 
inland extent of each stratigraphic unit. The depths of each wall were measured below a 
set datum (see scale). The direction of flow of the Owyhee River is from north to south 
(see inset figure). Colors correlate with Fig. 8. 
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The upper three flood units of the archaeological trench extended to the 
westernmost section of the trench. These were units C (IX) (the lower of the three), B 
(II), and A (I) (the 1993 flood deposit, the uppermost unit in the trench). Flood unit C 
(IX) was a dark grayish-brown, medium sand with white flecks (approximately 2 mm) 
throughout. Flood unit B (II) was a dark grayish-brown, medium sand and the 1993 flood 
deposit, unit A (I), was grayish-brown, very fine to fine sand.  
All in all, 14 total flood deposits were recorded in the riverbank profiles, and of 
these, six were identified in the archaeological trench. 
BCSS Grain Size Analysis 
 The results of the BCSS grain size analysis indicate that the dominant grain size 
that was no longer able to remain entrained and was therefore deposited at the BCSS was 
very fine sand (Appendix D). The samples that were analyzed came from riverbank 
profiles 1 and 2 and from the west wall in grid unit N730 E1057 (Fig. 10). 
Iron Gate Site 
 The stratigraphic profile at the Iron Gate site was 382 cm deep and 4.48 m above 
the current water-surface elevation of the Owyhee River. Due to the compaction of the 
sediments in the lower half of this profile and the difficulty of excavating one long 
profile, two profiles, the upper section and the lower section, were excavated to examine 
the full depth of this site. Twenty-six stratigraphic units were described at this site, and 
approximately 19–26 flood events are identifiable in this profile (Figs. 12, 13, and 14). A 
summary of the major changes in the Iron Gate site stratigraphy follows; full stratigraphic 
descriptions are found in Appendix A. 
 
 
 
Figure 12. Stratigraphy of the Iron Gate site. This profile is a continuous section that has been divided to fit on the page. There is a  
distinct change in the character of the deposits at the boundary between flood units G and H. Above this boundary are sandy flood deposits 
and below are burrowed, silty clay deposits. Color corresponds to the grain size key within the figure. WSE—water surface elevation. 
 
34
 35
 
Figure 13. Upper section of the Iron Gate stratigraphy. 
 
 
Figure 14. Lower section of the Iron Gate stratigraphy. 
 
 36
The lower section of this profile contains muddy, compacted, and bioturbated 
sediments (units H through R). This section is overlain by the upper section, charac-
terized by sandy overbank flood units (units A through G). The sandy flood units in the 
upper section are more similar in character to those flood units examined at the BCSS 
and Waterwheel site. A prominent bench along the entire riverbank at the Iron Gate site is 
located at a depth of 146 cm, just below the boundary of these two zones. A number of 
artifacts that had eroded out of the sediment above were found on this bench. The ages of 
these artifacts fall into the range of 5000–3000 B.P. (Andrefsky, pers. comm., September 
12, 2006). Due to the fact that these artifacts have eroded out of the profile, there is no 
way to distinguish with certainty from which stratigraphic unit they originated, but they 
likely came from this boundary or a boundary slightly above this bench. More artifacts 
were found on a bench lower in the section.  
At the base of the lower stratigraphic profile was flood unit R (358–382 cm). This 
unit was brown, medium sand with 2- to 7-mm-wide colluvial clasts throughout. Flood 
unit Q extended from 315 to 358 cm in depth and the brown sediment fined upward from 
medium to very fine sand. Charcoal sample 061806.7 (Appendix C) was taken from the 
center of this deposit. Above flood unit Q was flood unit P, which extended from 249 to 
315 cm in depth. This flood deposit was described as four separate units (P1, P2, P3, and 
P4), but could possibly be pulses from the same flood event. At the boundary between P2 
and P3 (294 cm), charcoal sample 061906.2 was taken. Flood unit O extended from 226 
to 249 cm and was dark yellowish-brown fine sand. Above unit O were flood units N 
(221–226) and M (216–221 cm). Both of these deposits were very fine sands and heavily 
burrowed. However, the sand in unit N was yellowish brown, and unit M was described 
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as brownish yellow. At the base of unit N, charcoal sample 061906.1 (Appendix C) was 
extracted. Flood unit L, a grayish-brown medium sand, was above unit M and extended 
in depth from 208 to 216 cm. The flood deposit assigned the letter K extended from 191 
to 208 cm and was dark brown fine sand. A piece of charcoal was sampled from the 
center of this deposit (061806.6) (Appendix C). Flood unit J extended from 152 to 191 
cm and was described as two flood units: unit J2 was brown fine sand from 184 to 191 
cm, and unit J1 was brown silt, 152–184 cm deep. These flood units could be the same 
event with a fining-upwards effect. In unit J2, two charcoal samples were extracted: 
sample 061806.5 was taken from the boundary between J2 and K, and sample 061806.4 
was taken from the middle of the deposit (Appendix C). In unit J1, three charcoal 
samples were removed: 061806.3 and 061806.2 were taken from the bottom of the unit, 
and 061806.1 was taken from the top (Appendix C).  
At a depth of 146–152 cm, a gray, bioturbated silt unit was described and 
assigned the letter I. This unit, and those beneath it, form a prominent bench throughout 
the extensive riverbank at the Iron Gate site (Fig. 15). A number of artifacts, ranging 
from 5000 to 3000 B.P. (Andrefsky, pers. comm., September 12, 2006; Table 1), were 
eroding out from above this bench. The exact unit from which these artifacts eroded out 
from is unknown. Directly above this prominent bench is flood unit H (110–146 cm). 
This gray, fine to medium sand was very muddy in appearance and heavily burrowed. 
This boundary marked a prominent change in grain size along the length of the site (Fig. 
12). The sandy units above this boundary were more similar to the flood deposits at the 
other sites. 
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Prominent  
   bench 
 
Figure 15. Upstream (western) view from the stratigraphic profile at the Iron Gate site. 
The bench that is prominent along the entire stretch of riverbank at this site is identified 
by the white arrow. 
 
From 94 to 110 cm and 76 to 94 cm, two flood units, G and F, respectively, were 
described. These were both fine sands that were effervescent and ranged in color from  
brownish gray (G) to brown (F). Flood unit E extended from 59 to 76 cm below the 
ground surface and was made up of four to five light brown silt layers within a brown, 
fine sand matrix. Flood unit D, a pale brown, medium sand with slight effervescence, 
extended from 39 to 59 cm in depth. Two charcoal samples were extracted from this 
deposit, 061706.10 at the base and 061706.11 from the top (Appendix C). Flood unit C, 
which was described as light brown silt, extended from 37 to 39 cm in depth. Extending 
from 13 to 37 cm, flood unit B was described as two units: B2 (23–37 cm) and B1 (13–23 
cm). Unit B2 was brown, medium sand and unit B1 was brown, fine to medium sand. 
Charcoal sample 061906.4 was removed from the boundary between B2 and flood unit C, 
and two charcoal samples, 061906.3 and 061706.9, were taken within unit B2 (Appendix 
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C). Four units, A4 (10–13 cm), A3 (7–10 cm), A2 (5–7cm), and A1 (0–5 cm), made up 
the rest of the stratigraphic profile (0–13 cm). These four units could be pulses of the 
same flood event due to their recent deposition and lack of bioturbation. However, these 
units could possibly be from more than one flood. Units A4 and A2 were both orange, 
silty deposits and units A3 and A1 were both brown, fine sands. The boundaries between 
these units did not appear to be gradational. At least one of these uppermost units, if not 
more than one, is probably from the 1993 flood. 
Waterwheel Site 
 The Waterwheel site was located on the right bank of the Owyhee River, 
approximately 5 km downstream of the Iron Gate site. The stratigraphic profile described 
at this site extended 3.95 m below the ground surface, which was 4.37 m above the 
current water-surface elevation of the Owyhee River. In total, 26 stratigraphic units were 
described at this site and approximately 22–26 flood events are identifiable in this profile 
(Fig. 16). This site was described by Ely in the fall of 2001 (pers. comm., August 21, 
2006). The flood deposits at the Waterwheel site were similar to those found in the upper 
section of the Iron Gate site and those found at the BCSS. The upper eight flood units 
span approximately the same age range as riverbank profile 1 at the BCSS, from 2300 
B.P. to the 1993 A.D. flood. The following is a summary of the stratigraphic description 
for the Waterwheel site, as described by Ely in 2001; a full stratigraphic description is 
found in Appendix A. 
The bottom unit in the Waterwheel stratigraphy extended in depth from 342 to 
395 cm and was well-sorted, sandy river bed deposits. From 314 to 342 cm, five flood 
units V (334–342 cm), U (332–334 cm), T (319–332 cm), S (318–319 cm), and R (314–  
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Figure 16. Stratigraphy of the Waterwheel site. This profile is a continuous section that 
was divided to fit on the page. The top flood, unit A, is the 1993 flood.  
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318 cm) alternate between silty carbonate deposits and fine sand deposits. The silty 
deposits (V, T, and R) form three silt lines along the river cut bank. A charcoal sample 
(OW-10–17–01–10) was removed from flood unit T and was dated to 8600–5050 B.P. 
(Appendix C). Flood unit Q was 255–314 cm below the ground surface and was 
composed of medium to coarse sand. A charcoal sample (OW-17–01–9)  was taken from 
this unit and dated to 10690–7420 B.P. (Appendix C). Flood units P (248–255 cm), O 
(245–248 cm), and N (241–245 cm) are sandy silt, fine sand with some silt, and sandy 
silt, respectively. These three units were very prominent along the wall of the river cut 
bank. Above these units was flood unit M (178–241 cm). This was coarse brown sand 
with carbonate that formed a ledge along the river cut bank in the middle of the unit. 
Flood units L (170–178 cm), K (161–170 cm), and J (157–161 cm) were described as tan 
silt, medium sand, and tan sandy silt, respectively. Unit I (150–157) was a hard, gray, 
silty sand with charcoal throughout the deposit, and unit H (140–150 cm) was a tan, silty 
sand that fined upward from medium sand at the base. Above unit H was unit G, which 
extended from 75 to 140 cm. This unit was described as two separate units, G2 (116–140 
cm) and G1 (75–116 cm). Unit G2 was coarse sand; a charcoal sample (OW-10–17–01–
6) was removed from this unit, with an age of 2300–1950 B.P. (Appendix C). Unit G1 
was silty sand with some dark gray charcoal throughout, and a sample (OW-10–17–01–5) 
was taken that came back with an age of 1310–1140 B.P. (Appendix C). Flood unit F 
extended from 50 to 75 cm below the ground surface and was silty sand; flood unit E 
(41–50 cm) was described as medium to coarse sand with a rock layer at the base of the 
unit. Above unit E was unit D, which was described as two units: D2 (20–41 cm) and D1 
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(10.5–20 cm). Unit D2 grades up from silt at the base to medium to coarse sand at the 
top. Unit D1 was described as fine to medium sand with weak bedding. Charcoal sample 
OW-10–17–01–1 was taken from this unit and has an age range of 490–310 B.P. 
(Appendix C). Flood unit C was a thin silt layer that extended from 9 to 10.5 cm below 
the ground surface. Above unit C was unit B, described as two units: B2 (7.5–9 cm) was 
fine sand and B1 (6–7.5 cm) was a thin silt layer.  
The top flood unit in the Waterwheel stratigraphic profile was unit A, the 1993 
flood deposit. This unit extended from 0 to 6 cm below the ground surface and was 
medium sand with in situ organic detritus growth at the surface. 
HEC-RAS Modeling 
 After running several discharges with the HEC-RAS model for riverbank profile 1 
at the BCSS, the best-fit water-surface profile was found to be 500 m3s−1 to reach the top 
of the profile (Fig. 17). At this discharge, the riverbank profile would have been just 
overtopped, not extending too far above the surveyed elevation of 998.47 m. The 
discharge modeled to overtop the archaeological trench was 700 m3s−1 (Fig. 17). Again, 
this discharge would top the trench, but not go too far beyond the surveyed elevation of 
999.34 m. The discharge recorded upstream at Rome, Oregon for the March 1993 flood, 
1577 m3s−1, was run at the estimated elevation for the inland extent of this flood, 1000.84 
m, at the back of the sandy flood bench where it meets the base of the colluvial hillslope. 
This discharge, at the estimated elevation, produced an unnaturally steep water-surface 
profile between cross-section 2 and cross-section 1 (Fig. 17). After varying the discharge 
around 1500 m3s−1 and still producing the steep water-surface profile, it was determined 
that the estimated elevation of 1000.84 m was too low. In order to find a more accurate 
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Figure 17. HEC-RAS results. 16A is the location of the cross sections at the BCSS used 
for the HEC-RAS analysis. The red rectangle on the aerial photo indicates the location of 
the two riverbank profiles and archaeological trench. 16B is the HEC-RAS water-surface 
profile output showing the best-fit discharges for floods to top riverbank profile 1 (RP 1) 
and the top of the archaeological trench (AT), 500 m3s−1 and 700 m3s−1, respectively. The 
best-fit elevation for inland extent of the 1993 flood was found to be 1003 m +/-1 m. 
Other abbreviations are riverbank profile 2 (RP 2) and channel bottom (CB). 
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elevation, the 1993 discharge recorded upstream was held constant and several higher 
elevations were entered. As elevation increased, the water-surface profile smoothed out. 
The best-fit elevation was found to be 1003 m ± 1 m, reaching upward onto the colluvial, 
basalt-capped hillslope (Fig. 17). The HEC-RAS discharge outputs for each of the five 
cross sections are found in Appendix E. 
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CHAPTER IV 
DISCUSSION 
 
 
BCSS Interpretations 
 Six flood units were correlated among the two riverbank profiles and the 
archaeological trench at the BCSS (Figs. 8 and 11): units I-a (the 1993 flood deposit), B 
(II), C (IX), D (IV), E (VI), and I (VII). Several other flood units identified in the 
riverbank profiles do not correlate to the stratigraphy in the trench walls (units F, G, H, J, 
K, L, M, N). This is likely a result of two factors: (1) the flood deposits in the riverbank 
profiles have not been disturbed by human occupation and are therefore better preserved 
in the riverbank and (2) the riverbank profiles are lower in elevation and as a result, lower 
magnitude floods that left deposits on the riverbanks may not have been large enough to 
deposit sediments in the area of the archaeological trench.  
 Likewise, there are some stratigraphic units identified in the archaeological trench 
walls that cannot be correlated to flood deposits in the riverbank profiles (III, V, XIV, 
XVIII, and X). Much of this can be attributed to cultural disturbance. Charcoal staining, 
burnt sediment, and evidence of berms all indicate heavy human use of the site, thus 
altering the preservation of these flood deposits. Also, the WSU archaeologists identified 
many of these units in the trench walls as “camp refuse deposits” where the human 
occupants discarded the sediments onto the existing terrace surface at that time (Noll, 
pers. comm., June 28, 2007). The disturbance involved with these cultural units is so 
great that correlation to the flood units in the riverbank profiles is not possible. It is likely 
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that the source of these sediments is fluvial in nature, but correlation to specific flood 
units in the riverbank profiles could not be made. 
 The BCSS is protected from the direct impact of the highest velocity current 
because of its location on the inside downstream end of the large bend in the Owyhee 
River (Fig. 3). During large floods, fine-grained sediments are deposited in this zone of 
lower velocity water. Jarret and England (2002), along with O’Connor and Webb (1988) 
and Webb et al. (1988), have found through their research that as the riverbanks are built 
up from prior flooding, it takes a higher flood stage to overtop the previous deposit. 
Smaller-magnitude floods may occur on the river but may not show up in the 
stratigraphy. Therefore, it is fair to say that floods that do not emplace deposits at present 
because of the height of the riverbanks may very well have been able to deposit 
sediments, for example, 1000 years ago. However, it does not necessarily follow that 
flood discharge decreases with depth in stratigraphy. For example, a stratigraphically 
lower flood deposit could have been emplaced by a flood as large as or larger in 
magnitude than the one that left the most recent deposit. The elevation of any given flood 
deposit in this record represents a minimum water-surface elevation for that flood.  
 At approximately 2800 B.P. and 1400 B.P., flood units J and B (II) (Fig. 8) were 
deposited at the BCSS, respectively. During the interval between these two dated floods, 
seven other floods were deposited: flood units I (VII), H, G, F, E (VI), D (IV), and C 
(IX). After flood unit B (II) was deposited, the surface remained exposed for some time, 
as indicated by the presence of the human-worked flake found in this unit (Fig. 8). The 
only flood deposit to have been preserved above flood unit B (II) is the 1993 flood unit A 
(I) (Fig. 8). The timing of these flood events indicates that for approximately 1400 years, 
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flooding and subsequent deposition occurred (at least seven flood events) at the BCSS; 
however, after 1400 B.P., only one flood has been recorded at this site (1993 flood). It is 
undetermined from the evidence at this site alone whether this lack of deposition after 
1400 B.P. points to a decrease in flooding, or if floods occurring from 1400 B.P. to the 
1993 A.D. flood were not preserved at the site.  
Hydrometeorology of the 1993 Flood 
 As mentioned above, the 1993 flood was the largest flood on the Owyhee River 
recorded in the historic flood record on the USGS gaging station near Rome, Oregon. In 
order to determine whether the March 18, 1993 flood on the Owyhee River was an 
isolated event or if other rivers also produced larger-than-normal discharges in March of 
1993, numerous rivers in southeastern Oregon (Donner und Blitzen River, Malheur 
River, and Payette River), northern Nevada (Bruneau River, Salmon Falls Creek, and 
Humboldt River), and western Idaho (Snake River and Crane Creek) were examined. 
From the data examined, it appears that only the Owyhee River produced a larger-than-
normal discharge.  
 Due to the fact that the Owyhee River appears to have been the only river in the 
surrounding area to have yielded a large flood, it is likely that flooding resulted primarily 
from rain-on-snow events that spring. Precipitation data from six of the U.S. Department 
of Natural Resources Natural Resource Conservation Service’s northern Nevada stations 
(Big Bend, Fawn Creek, Laurel Draw, Jacks Creek Upper, Jacks Peak, and Taylor 
Canyon) associated with the Upper Owyhee and South Fork Owyhee (headwaters for the 
Owyhee River) show that while precipitation in March 1993 was higher than most years, 
it was not the highest in the record spanning from ~1979 to 2006 (Appendix F). Snow 
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pack recorded at these six stations in northern Nevada produced the same varying results 
in the March 1993 data compared with data from March records throughout the span of 
the record (Appendix F). 
 While these data yield much information on the precipitation received and the 
snow pack surrounding the headwaters of the Owyhee River in northern Nevada, no 
evidence arises suggesting that precipitation and snow pack during March 1993 was 
anomalously large. Rather, the data show that during March 1993, precipitation and snow 
pack were only a bit above average. Further data, such as documentation of the amount of 
precipitation that fell on and around March 18, 1993 and temperatures on and around that 
day, are necessary to gain a better understanding of the March 18, 1993 flood on the 
Owyhee River. 
Implications for the 1993 Flood 
 The 1993 flood (flood unit A (I), Figs. 8 and 11) is one of the largest floods to 
have occurred at the BCSS on the Owyhee River in at least the last 1400 years, and 
perhaps one of the largest in the last 2800 years. The existence of the 1993 flood deposit 
at the Iron Gate and Waterwheel sites further attests to the size of this flood. The deposit 
from this flood is easily distinguished at all three sites, where there is lack of bioturbation 
due to the little time that has passed since deposition, as well as the amount of flotsam 
from this flood along the riverbanks. Ely and House (2001), who have been compiling a 
Holocene flood history for the Owyhee River, examined a stratigraphic profile located 
within 1 km downstream of the Iron Gate site. The stratigraphic profile at this site was 
not a paleoflood sequence, but a colluvial or alluvial fan deposit with the 1993 flood 
deposit on top of it. A charcoal sample taken from a stratigraphic unit in this profile was 
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dated to 900 B.P., and the only flood deposit above this unit was the 1993 deposit. The 
evidence from these three sites corroborates the assumption that the 1993 flood was one 
of the largest to have occurred on the Owyhee River in the Holocene.  
A minimum of two other floods, the events that deposited B (II) and C (IX) (Fig. 
11), appear to have been of a similar magnitude to the 1993 flood. Flood units A (I) 
(1993 flood deposit), B (II), and C (IX) in the riverbank profiles and archaeological 
trench all had a high enough stage to overtop the riverbank profiles and extend inland to 
the westernmost section of the archaeological trench. The results of the HEC-RAS 
modeling indicates that the 1993 flood extended well beyond the western edge of the 
archaeological trench and up against the colluvial hillslope on the west bank, approx-
imately 7.5 m above the current water-surface elevation of the Owyhee River (Fig. 17).  
The archaeological trench stratigraphy shows that flood unit B (II) is heavily 
disturbed at the furthest west section of the trench, beneath A (I) (Fig. 11). This section of 
flood unit B (II), in the western end of the trench, was tentatively correlated to unit B (II) 
(Fig. 11). This unit was extremely massive in structure, and the only distinct character-
istic was the contact between it and flood unit C (IX). Andrefsky (pers. comm., Septem-
ber 12, 2006), through personal communication with the current caretaker of a nearby 
ranch, learned that the flood bench on which the archaeological trench rests was plowed 
by the previous owner of the ranch (the BCSS and surrounding area is currently owned 
by the BLM). It is likely that this massive unit is actually flood unit B (II), and it has been 
drawn as such in Figure 11. However, the effects of plowing hinder correlation. If this 
unit is indeed a continuum of flood unit B (II), as it is displayed in Fig. 11, then flood unit 
B (II) has also made it inland beyond the western extent of the trench. 
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Flood unit C (IX) was quite thick throughout the trench walls and also extended 
beyond the western extent of the trench. Without a sediment probe or a stratigraphic 
profile near the base of the basalt slope, it is difficult to determine how far flood units C 
(IX) and B (II) extended inland. 
 Unfortunately, the westernmost extent of the trench was not excavated down to 
the depth of the eastern portion of the trench (Fig. 11). This was due to the fact that the 
eastern end was producing more evidence of cultural occupation. Examining the 
stratigraphy beneath the western wall of grid unit N732 E1051 (Fig. 10) would indicate 
whether flood unit I (VII) also extended past the inland extent of the trench. This unit is 
prevalent throughout the trench and looks as though it would extend beyond the western 
border (Fig. 11). The stratigraphic units underlying what has been excavated in the 
western wall of grid unit N732 E1051 could also help clarify how far cultural unit XVIII 
extends around the corner from the northern wall of grid unit N732 E1052. The 
stratigraphic descriptions of cultural unit XVIII and flood unit E (VI) are quite similar, 
and it could be possible that XVIII is correlative to this same flood. 
 The stratigraphy of the archaeological trench indicates that two floods, units A (I) 
(the 1993 flood) and C (IX), definitely extended inland beyond the western extent of the 
trench. It is likely that flood unit B (II) also went beyond this edge of the trench. 
Furthermore, it is also possible that flood unit I (VII) also had a high enough stage to pass 
beyond this western portion of the archaeological trench. If cultural unit XVIII correlates 
to flood unit E (VI), then at least two, but possibly five floods, had a sufficiently high 
flood stage to extend further inland than the western boundary of the archaeological 
trench that was excavated in 2006. Therefore, this site records a minimum of two floods 
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(units B (II) and C (IX)), but it is possible that two other floods (E (VI) and I (VII)) were 
comparable in size to the 1993 flood.  
Modeled 1993 Flood Stage 
The 1993 flood discharge of 1600 m3s−1, modeled by the HEC-RAS program, 
produced a best-fit elevation of this flood at the BCSS as approximately 1003 m ± 1 m 
above the set datum. This elevation is approximately 3.6 m above the surveyed elevation 
of the archaeological trench (999.34 m). As mentioned above, it is likely that four other 
floods extended inland beyond the western extent of the archaeological trench: flood 
units B (II), C (IX), E (VI), and I (VII). It is impossible to determine whether these four 
other flood units reached the stage of the 1993 flood because this flood extended well up 
the colluvial hillslope where flood deposits would not be preserved.  
HEC-RAS-Modeled Discharge 
The HEC-RAS best-fit discharges assigned to riverbank profile 1 and the 
archaeological trench were 500 m3s−1 and 700 m3s−1, respectively (Fig. 17). These are the 
discharge necessary to overtop the elevations of each of these features, which were 
998.47 m and 999.34 m, respectively. The gaged discharge for the historic 1993 flood 
from Rome, Oregon (Figs. 1 and 2) was approximately 1500 m3s−1. These discharges are 
reasonable assuming that channel morphology has not altered greatly overtime.  
There were 10 floods in the historic flood record at Rome, Oregon (Fig. 1) from 1950 to 
1993 that had discharges of 500 m3s−1 or greater (Fig. 2; Appendix G). One might expect 
that if the necessary discharge to overtop riverbank profile 1 is 500 m3s−1, and that many 
other floods in the historic record had discharges of 500 m3s−1 or greater, at least some of 
these floods should have left deposits between unit B (II) and A (I), the 1993 flood. One 
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explanation for the lack of these deposits, supported by research conducted by Jarret and 
England (2002), Webb et al. (1988), and Ely and Baker (1985), is that the floods have to 
exceed the height of the flood bench by some specific depth to be able to transport 
sediment up onto the top of the bench and leave a deposit. For example, the 1993 flood 
stage was at least 3.6 m above the elevation of the archaeological trench, but left only a 
30-cm-or-so thick deposit of fine sand. Again, the measured discharge for the 1993 flood 
(measured upstream at the Rome USGS gaging station), and the modeled discharges to 
overtop the riverbank profiles and archaeological trench are minimum discharges. 
Another scenario for the preservation of the 1993 deposit, but not the others, is that the 
1993 flood eroded the bank in this reach of the Owyhee River and might have made it 
easier for it and subsequent floods to overtop the flood bench and deposit sediments. 
Personal accounts from the current BLM ranch caretaker (who was also caretaker in 
1993), whose ranch is just downstream of the BCSS (Fig. 3), to Andrefsky (pers. comm., 
June 10, 2005) indicate that the amount of damage the 1993 flood did to the riverbanks at 
this site was quite large. 
Whether there is a height threshold for flood to deposit sediment at the BCSS, or 
if indeed there were paleoflood deposits between 1400 B.P. and 1993 A.D. that were not 
preserved, can only be speculated upon. What can be said with more certainty, however, 
is that the combined evidence gathered from examining the BCSS stratigraphy, gaged 
records, and the modern hydrometeorology of the 1993 flood indicates that the 1993 
flood was an unusual event for the Owyhee River. 
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Iron Gate Site 
 The stratigraphy at the Iron Gate site indicates that the local environment of the 
site has changed. At present, the Iron Gate site is dry, well-drained and located high 
above the Owyhee River. Approximately 250 m upstream of the site the river is 
constricted by bedrock, indicating that the Owyhee River could not have moved much 
laterally since this constriction was incised. Therefore, this site has likely always 
experienced low-velocity flow from the river. The upper 1.5 m or so of the stratigraphy 
contains sandy overbank flood deposits, much like the deposits seen at the BCSS and 
Waterwheel site. Near the base of the sandy flood deposits, numerous artifacts are 
eroding out. Beneath these overbank deposits are hard, compacted silt sediments 
containing abundant 1–2 cm diameter burrows throughout. These deposits form two 
extensive benches, the upper of which is the surface onto which the artifacts from above 
are eroding out (Fig. 16). Some of these artifacts have diagnostic ages and could help 
constrain the age of the overlying sediments. Unfortunately, these artifacts have eroded 
out of the wall of the riverbank. Without knowing the exact position (depth) in the wall 
from which these artifacts eroded, their ages are deemed useless for exact stratigraphic 
flood deposit dating. However, as mentioned previously, it is likely that these artifacts 
eroded from the boundary above the prominent bench at the site or from just above this 
boundary (Figs. 12 and 15). The WSU archaeologists identified these artifacts 
(Andrefsky, pers. comm., September 12, 2006) and their presence in the riverbank wall 
indicates that the overlying sediments are at least 5000–3000 B.P. in age. The flood 
deposits in this lower section are different from the deposits above and from the flood 
deposits examined at the other sites as they are much more silty/muddy and compacted. 
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This difference indicates that during the deposition of these lower deposits, the river was 
quite different than it is at present.  
 Currently, a large, low peninsula-like bar parallel to the riverbanks extends into 
the Owyhee River at this site (Fig. 18). It is possible that at one time the bar was higher  
 
 
 
Figure 18. Aerial photograph of the Iron Gate peninsula-like bar. Red ellipse indicates the 
location of the Iron Gate site. 
 
and the site had a ridge and swale topography (Fig. 19). If this is the case, the Owyhee 
River was likely flowing north of the far ridge/higher bar. Any water that overtopped the 
ridge would have been trapped in the swale and a marsh-like environment could have 
resulted. It would seem likely that this wetter environment was the case because the 
bioturbated silt sediments low in the stratigraphic profile could not have formed after this 
sediment had hardened. This evidence indicates extensive human use of the site during or 
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Figure 19. Schematic of the proposed ridge and swale topography of the Iron Gate site. 
(A) is the modern topography  of the site. (B) is the topography prior to the change in the 
environmental setting that produced flood deposits characteristically similar to those in 
the BCSS and the Waterwheel site. 
 
after a period when it contained a localized saturated environment, but the overbank flood 
deposits since that time expose no obvious human occupation sites. In contrast, the BCSS 
site upstream includes human artifacts interbedded with the flood deposits.  
Waterwheel Site 
 The flood deposits examined at the Waterwheel site are quite similar to those in 
the BCSS stratigraphy and the upper section of the Iron Gate site. A total of 22–26 flood 
episodes are recorded in the stratigraphy of this site. The profile was located on a high cut 
bank above the Owyhee River. This site ranged in age from 8600 B.P. to 1993 A.D. 
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Comparison of the Sites 
 The flood deposits examined at the BCSS, the upper section of the Iron Gate site, 
and the Waterwheel site are all similar in character. The bioturbated flood sediments 
beneath the prominent bench (146 cm) in the lower section of the Iron Gate site indicate 
that the environment surrounding the river at the time those sediments were bioturbated 
was quite different than it is at present.  
 Although these sites span a 5-km reach of the Owyhee River, some tentative 
stratigraphic correlations are possible. For instance, the 1993 flood deposit shows up very 
prominently, albeit with some variability, at all three sites. The 1993 deposit was laid 
down by the largest flood in the historic record of the Owyhee River (Fig. 2); knowing 
this, and looking for the flotsam associated with this flood allowed for assurance in 
separating the 1993 flood deposit from the other upper stratigraphic units. The 
descriptions of this deposit are not uniform among each site, but the characteristics of the 
deposits are. For instance, the 1993 flood deposit makes up one stratigraphic unit at the 
BCSS and Waterwheel site, but at the Iron Gate site may comprise up to four 
stratigraphic units (Figs. 6, 7, 12, 16, and 13, respectively). This difference could be due 
to the fact that the flood pulsed in magnitude as it left deposits at the Iron Gate site, and 
perhaps the BCSS and Waterwheel profiles were set back further from the river than the 
Iron Gate site and saw only the largest pulse. Also, the distance between each site is 
another factor to consider; characteristics of the flood could definitely change as it flowed 
downstream. It is also important to consider that the Iron Gate site has preserved deposits 
from other recent floods that were not preserved at the other two sites. 
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When comparing the stratigraphy between the BCSS riverbank profiles and the 
Waterwheel site, two stratigraphic units in the profiles of each site have roughly the same 
calibrated age: unit J at the BCSS has a calibrated age of 2880–2750 B.P. and unit G2 at 
the Waterwheel site has a calibrated age of 2300–1950 B.P., and unit B (II) at the BCSS 
has a calibrated age of 1490–1170 B.P. and unit G1 at the Waterwheel site has a 
calibrated age of 1310–1140 B.P.  Of note, however, when comparing these units, is that 
the number of flood units above them differs quite dramatically. Between ~2800 B.P. and 
~1400 B.P. at the BCSS, there were approximately seven flood events. Yet at the 
Waterwheel site, only two flood units (G2 and G1) are preserved between 2300 and 1300 
B.P. Additionally, the only flood to overtop flood unit B (II) at the BCSS, dated to ~1400 
B.P., is the 1993 A.D. flood, whereas at the Waterwheel site, there are six to eight flood 
units between unit G1, dated to ~1300 B.P., with the 1993 A.D. flood unit on top. These 
differences in flood deposit stratigraphy show that either flood characteristics or the dates 
from one of the sites are incorrect. More dated samples from these two sites are necessary 
to fully address this discrepancy.  
Late Holocene Occupational Absence 
The suggestion that late Holocene occupation sites had not yet been discovered by 
archaeologists appears to have been feasible. There is at least some evidence that late 
Holocene occupants were on and around the area of the BCSS long enough to leave 
behind some artifacts. Archaeological investigation of the BCSS during the 2006 WSU 
field camp yielded several late Holocene notched projectile points. Excavation in the 
eastern portion of the trench began to unveil some evidence of mid-Holocene occupation; 
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however, this evidence was uncovered in the ending days of the field camp and so further 
excavation of the trench is necessary in order to better understand this site.  
 To state again, the four possible reasons for the lack of late Holocene occupation 
in this area of the Owyhee River, as suggested by Andrefsky (pers. comm., November 7, 
2005) are (1) the human occupants did not settle in this area of the Owyhee River during 
this time period, (2) the sites that date to this time period were not preserved, (3) these 
late Holocene sites have not been located yet, and (4) changing climatic conditions or the 
hydrologic regime of the river forced the human occupants to leave the area entirely. The 
validity of site preservation and changing climatic conditions/hydrologic regime of the 
river affecting the missing late Holocene occupation will be assessed below.  While it is 
evident that someone left behind the late Holocene projectile points at the BCSS, it is for 
the WSU archaeologists to assess what these artifacts indicate as far as occupation at this 
site, and to examine the area further to find more evidence of late Holocene occupation. 
Site Preservation 
 As the results of this paleoflood investigation indicate, the 1993 flood was one of 
the largest on the Owyhee River in the last 2800 years. If late Holocene occupants settled 
on flood benches closer to the river (the BCSS sits on flood bench 6 (Fig. 5), the highest 
flood bench above the current water surface), the enormity of the 1993 flood may have 
washed away evidence of this occupation, just as it may have wiped out any inset flood 
deposits occurring after 1400 B.P. It is understood that the area of the BCSS between the 
road and colluvial hillslope to the west (Fig. 5) was plowed prior to purchase of this area 
by the BLM (Andrefsky, pers. comm., September 12, 2006). This could also have 
destroyed any evidence of late Holocene occupation sites. Finally, through personal 
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communication with Andrefsky (September 12, 2006), it is known that many archaeo-
logical sites in the Owyhee River Canyon have been pillaged in the past by ranchers and 
collectors. It is possible that evidence of late Holocene occupation that may have eroded 
out to be exposed was collected and not reported. Also, if the late Holocene occupants 
settled in the area surrounding the BCSS only temporarily, there may not be much 
evidence of this settlement. 
 The late Holocene artifacts found at the BCSS were interbedded with flood 
deposits dating from 2800 B.P. to present. The deposits excavated in 2006 were in a 
protected backwater area downstream of a sharp bend in the Owyhee River (Fig. 3). It is 
possible that flood deposits of this age are only preserved in similar protected sites and 
future excavations in similar sites might yield more Holocene occupational records. It 
could be that these occupational sites simply had not yet been discovered in earlier 
archaeological excavations that took place on different geomorphic landforms or features. 
 Changing Climatic Conditions/Hydrologic Regime of the Owyhee River 
 The paleoflood studies conducted in this research indicate that after 1400 B.P., the 
only flood to overtop the riverbank profiles and archaeological trench and leave a deposit 
on top of flood bench 6 (Fig. 5) at the BCSS was the 1993 A.D. flood.  Examination of 
the stratigraphy and utilization of the HEC-RAS modeling program revealed that floods 
in the intervening period were smaller in magnitude. Therefore, an increased magnitude 
or frequency of paleofloods does not seem to be the reason for the absence of human 
occupation in the late Holocene. 
In the research conducted by Mehringer (1996) in eastern Oregon, pollen and 
packrat midden data showed a period of greater effective moisture from 3800 to 2200 
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B.P. Charcoal samples from the stratigraphic profiles examined at the BCSS and 
Waterwheel site (Appendix C) sent in for radiocarbon age analyses came back with 
calibrated ages of ~2800 B.P. and ~2300 B.P., respectively. These ages could suggest that 
the period of greater effective moisture seen in the data gathered by Mehringer (1996) in 
eastern Oregon may be seen in the stratigraphy at these sites along the Owyhee River. 
Furthermore, the paleoclimatic study conducted by Thompson et al. (1993) revealed that 
maximum effective moisture for the northern Great Basin occurred ~3 ka. While the 
northern Great Basin is a bit further south than the BCSS, it is possible that increased 
moisture seen in the research conducted by Thompson et al. (1993), as well as in that 
conducted by Mehringer (1996), both at approximately 3000–2500 B.P., may in fact have 
impacted the Owyhee River, producing more floods during that time period. While it is 
tempting to examine this paleoclimate data and look for clues in this paleoflood study, 
more paleoclimatic research needs to be conducted in the area surrounding the BCSS 
before any real connections can be drawn. 
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CHAPTER V 
CONCLUSIONS 
 
 
The 1993 Flood 
 The stratigraphy at the BCSS indicates that from 2800 B.P. to 1400 B.P., at least 
seven flood episodes occurred on the Owyhee River. This stratigraphy also shows that 
only the 1993 A.D. flood was deposited after 1400 B.P. The site investigated by Ely and 
House (2001), just downstream of the Iron Gate site, displayed that after 900 B.P., only 
the 1993 flood was deposited. The stratigraphic evidence and assigned radiocarbon ages 
of the flood units at these sites imply that after at least 900 B.P., but perhaps 1400 B.P., 
the frequency of paleofloods large enough to overtop the riverbanks and leave deposits 
decreased. 
Based upon (1) the historical gaged record of the Owyhee River (Fig. 2); (2) the 
presence of the 1993 flood at the BCSS, Iron Gate site, Waterwheel site, and the site 
examined just downstream of the Iron Gate site; (3) the bracketing ages of the flood units 
at the BCSS; and (4) the results from the HEC-RAS modeling, it is concluded that the 
1993 flood was one of the largest floods to have occurred on the Owyhee River in the last 
2800 years.  
Late Holocene Occupational Absence 
 Of the four suggestions as to why there is a lack of late Holocene occupation at 
the BCSS, two can be assessed by this paleoflood study: site preservation issues and 
changing climatic conditions or the hydrologic regime of the Owyhee River. Assessment 
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of the other two suggestions, lack of settlement in the area and not discovering these late 
Holocene locations yet, is to be done by the WSU archaeologists. 
Paleoflood studies of the BCSS showed that while there were seven recorded 
flood deposits from 2800 B.P. to 1400 B.P., only the 1993 A.D. flood was deposited (and 
preserved) after 1400 B.P., and that paleofloods occurring between 1400 B.P. and 1993 
A.D. were smaller in magnitude. Therefore, increased magnitude or frequency in 
paleofloods at the BCSS during the late Holocene does not appear to have caused the 
absence of late Holocene occupation. 
The size of the 1993 flood and witnessed lateral damage by the flood to the banks 
along the Owyhee River are both viable reasons to support the suggestion that some late 
Holocene sites were not preserved. However, until the archaeologists rule out the 
possibility of lack of settlement and location, the suggestion of site preservation issues 
remains only a possibility. 
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APPENDIXES 
Appendix A 
Stratigraphic Descriptions 
 
 
TABLE A1. RIVERBANK PROFILE 1 STRATIGRAPHY 
Depth 
(cm) 
Flood 
unit† 
Age (B.P.) Description 
0–14 A (I) 1993 A.D. Very well sorted fine sand; brown; clear, smooth 
boundary 
14–24 B (II) 1400 B.P. Very well sorted fine sand; dark grayish brown; 
burrows; clear, gradual boundary 
24–34 C (IX)  Very well sorted fine sand; light grayish brown; 
burrows; gradual, smooth boundary 
34–48 D (IV)  Coarse to medium sand at the bottom fining up to 
fine sand at the top; pale brown; gradual, smooth 
boundary 
48–56 E (VI)  Grades up from coarse to fine sand; grayish brown; 
gradual, smooth boundary 
56–60 F  Moderately sorted medium to coarse sand; dark 
grayish brown; clear, wavy boundary 
60–71 G  Very well sorted silt; very dark grayish brown; 
gradual, wavy boundary 
71–86 H  Very well sorted silt; dark yellowish brown; clear, 
wavy boundary 
86–105.5 I (VII) Elko pt. 
ranges from 
6700–2500 
B.P. 
Very well sorted charcoal-stained silt; very dark 
grayish brown (matrix); very dark brown (stain); 
Elko point found; burrows; clear, wavy boundary 
105.5–127 J  Very well sorted stained fine sand; brown (stain); 
dark yellowish brown (matrix); clear, irregular 
boundary 
127–138 K  Very well sorted silt; dark grayish brown; gradual, 
smooth boundary 
138–144 L  Very well sorted silt; dark brown; gradual, smooth 
boundary 
144–151.5 M  Very well sorted silt; very dark brown; clear, 
irregular boundary 
151.5–172.5 N  Very well sorted medium sand; dark grayish brown  
 
† Roman numerals correlate to archaeological trench; letter designations indicate different flood 
units. Only letter A is correlated across all stratigraphy as it indicates the 1993 flood. The other 
letters are not to be correlated one-to-one among the other sites but are used to differentiate 
separate flood events at each specific site. 
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TABLE A2. RIVERBANK PROFILE 2 STRATIGRAPHY 
Depth  
(cm) 
Flood 
unit† 
Age (B.P.) Description 
0–9 A (I) 1993 A.D. Very well sorted very fine to fine sand; brown; 
clear, smooth boundary 
9–21 B (II)  Very well sorted fine to medium sand; dark 
grayish brown; gradual, smooth boundary 
21–37 C (IX)  Fine sand coarsening up to medium sand; grayish 
brown; clear, wavy boundary 
37–85 D (IV)  Very well sorted very fine sand; pale brown; 
compact carbonate layer with charcoal flecks; 
slight effervescence; gradual, wavy boundary 
85–97 E (VI)  Very well sorted fine sand; grayish brown; clear, 
smooth boundary 
97–104 G  Very well sorted fine sand; brown; splotchy 
effervescence; clear, smooth boundary 
104–115 I (VII)  Very well sorted very fine charcoal-stained sand; 
dark grayish brown (stain); thin carbonate band 
from 109 to 111 cm; light brownish gray 
(carbonate band); clear, smooth boundary 
115–? J 2880–
2750 B.P. 
Very well sorted fine sand; brown 
 
 † Roman numerals correlate to archaeological trench; letter designations indicate 
different flood units. Only letter A is correlated across all stratigraphy as it indicates the 
1993 flood. The other letters are not to be correlated one-to-one among the other sites but 
are used to differentiate separate flood events at each specific site. 
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TABLE A3. ARCHAEOLOGICAL TRENCH STRATIGRAPHY 
Flood 
unit†‡§ 
Description 
A (I) Very well sorted very fine to fine sand; grayish brown 
B (II) Very well sorted medium sand; dark grayish brown; burrows 
III Very well sorted very fine sand; grayish brown; slight effervescence; 
discontinuous extent across trench walls 
D (IV) Cultural fill deposit; very fine to medium charcoal-stained sand; brown (matrix); 
very dark gray (stain 1); very dark brown (stain 2); black (stain 3); strong 
effervescence; charcoal flecking 
V Very well sorted very fine sand; light brownish gray; slight effervescence; 
discontinuous extent across trench walls 
E (VI) Cultural fill deposit; moderately sorted very fine to medium sand; slight 
effervescence; charcoal flecking 
I (VII) Charcoal-stained silt; dark brown (matrix); black (stain); slight effervescence 
C (IX) Well sorted medium sand with white flecks approx. 1 mm in width; dark grayish 
brown 
X Very well sorted medium sand; very dark grayish brown 
XI Fine to coarse sand; dark grayish brown; strong effervescence 
XII Very fine sand; dark brown; very strong effervescence 
XIV Fine to medium sand with dense colluvial clasts approximately 1-7 cm in width; 
brown; strong effervescence; Washington State University archaeologists 
suggest a culturally-produced berm is evident in this unit 
D (XVI) Very well sorted fine sand with charcoal flecking; grayish brown; burrows 
E (XVII) Cultural deposit with burned sediment; charcoal-stained silt; dark brown 
(matrix); dark yellowish brown (burned sediment); black (stain) 
XVIII Colluvial berm (as identified by Washington State University archaeologists); 
fine to medium sand with colluvial clasts 1-3 cm in width; grayish brown 
  
  
 
 † The stratigraphic units in the archaeological trench that are correlated to the riverbank 
profiles at the Birch Creek study site are given Roman numerals as well as a letter 
designation. The letter designation indicates that this unit is a flood deposit, whether 
evidence in the stratigraphy in the trench indicates human occupation/influence or not. 
The units with only Roman numerals were heavily influenced by occupation and 
therefore impossible to correlate to the riverbank profile stratigraphy. They, therefore, are 
not considered flood units although their origin may indeed by fluvial in nature. 
 ‡ These are all the units in the archaeological trench. Not all of these units were found in 
the main south-to-north profile (see Fig. 11), but were located elsewhere in the trench.  
 § A thorough correlation of these units was done after they were assigned Roman 
numerals. Therefore, some units that were correlated to another “lost” their Roman 
numeral designation and that is why numerals VIII, XIII and XV are not found in this 
table. 
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TABLE A4. IRON GATE STRATIGRAPHY 
Depth†  
(cm) 
Flood 
unit 
Age Description 
0–5 A1 1993 A.D. Brown fine sand; duff 
5–7 A2  Orange silt; clear, smooth boundary 
7–10 A3  Brownish tan fine sand; clear, smooth boundary 
10–13 A4  Light orange silt; clear, smooth boundary 
13–23 B1  Brown fine to medium sand; smooth, gradual boundary; units 13–37 are perhaps same flood event 
23–37 B2  Brown medium sand; clear, smooth boundary 
37–39 C  Light brown silt; thin, wavy irregular boundary 
39–59 D  Pale brown medium sand; slight effervescence 
59–76 E  
4–5 light brown silt layers within a brown fine sand; smooth, 
gradual boundary; silt layers are perhaps pulses in the flood 
event 
76–94 F  Brown fine sand; slight effervescence; clear, smooth boundary 
94–110 G  Brownish gray fine sand; strong effervescence; clear, wavy boundary 
110–146 H  Gray fine to medium sand; “muddy” appearance; heavily burrowed; massive structure; smooth, gradual boundary 
146–152 I  Gray silt; burrowed; lots of artifacts eroding out; clear, smooth boundary 
152–184 J1  Brown silt; gradual boundary; units 152–191 are perhaps same flood with fining upward sediments 
184–191 J2  Brown fine sand; clear, smooth boundary 
191–208 K  Dark brown fine sand; clear, gradual boundary 
208–216 L  Grayish brown medium sand; clear, smooth boundary 
216–221 M  Brownish yellow very fine sand; burrowed; smooth, gradual boundary 
221–226 N  Yellowish brown very fine sand; heavily burrowed; smooth, wavy boundary 
226–249 O  Dark yellowish brown fine sand; clear, gradual boundary 
249–263 P1  Brown silt; burrowed; clear, smooth boundary; units 226–315 are perhaps pulses from the same flood 
263–280 P2  Brown fine sand; clear, smooth boundary 
280–294 P3  Brown very fine sand; burrowed; clear, smooth boundary 
294–315 P4  Brown medium sand; clear, smooth boundary 
315–358 Q  Brown; fining upwards from medium sand to very fine sand; clear, smooth boundary 
358–382 R  Brown medium sand with colluvial clasts approximately 2–7 mm in width 
 † The stratigraphic profile for this site was divided into two sections, the upper section (0–146 
cm) and the lower section (146–382 cm). 
 
71 
Appendix B 
 
GPS of Site Locations 
 
 
TABLE B1. GPS OF SITE LOCATIONS† 
Site Easting Northing 
Riverbank profile 1 458942 4785327 
Riverbank profile 2 458941 4787531 
Archaeological trench 458940 4785318 
Iron Gate  459698 4787154 
Waterwheel  N.A.‡ N.A. 
 
†Universal Transverse Mercator (UTM) coordinates in datum WGS84/Nad 83. 
‡Not applicable. 
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Appendix C 
Charcoal Samples 
 
TABLE C1. RIVERBANK PROFILE 1 CHARCOAL SAMPLE 
Sample number Lab number Depth 
(cm) 
Stratigraphic 
unit 
Organic 
 type 
061706.4A AA73825 18  B (II) C 
 
 
TABLE C2. RIVERBANK PROFILE 2 CHARCOAL SAMPLE 
Sample number Lab number Depth 
(cm) 
Stratigraphic 
unit 
Organic 
 type 
062806.1 Beta-225519 121 J C† 
 
†Sample was a charred animal bone. 
 
 
 
TABLE C3. IRON GATE SITE CHARCOAL SAMPLES 
Sample 
number 
Depth 
(cm) 
Stratigraphic 
unit 
Organic 
type 
061906.3 27 B2 C 
061706.9 34 B2 C 
061906.4 37 B2/C C 
061706.11 43 D C 
061706.10 55 D C 
061806.1 155 J1 C 
061806.2 181 J1 C 
061806.3 183 J1 C 
061806.4 189 J2 C 
061806.5 191 J2 C 
061806.6 197 K C 
061906.1 225 N C 
061906.2 294 P3/P4 C 
061806.7 335 Q C 
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Appendix D 
 
Grain Size Analyses 
 
 
 
TABLE D1. GRAIN SIZE OF UNIT A (I) IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve  
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.54 0.34 very coarse sand 
14 1.4 mm 0.92 0.57 very coarse sand 
18 1.0 mm 1.88 1.17 very coarse sand/coarse sand 
35 500 μm 13.94 8.65 coarse sand/medium sand 
45 355 μm 19.69 12.22 medium sand 
60 250 μm 35.62 22.11 medium sand/fine sand 
120 120 μm 50.98 31.65 fine sand 
170 90 μm 21.75 13.50 very fine sand 
230 63 μm 8.28 5.14 very fine sand/coarse silt 
325 45 μm 5.38 3.34 coarse silt 
<325 <45 μm 2.09 1.30 N.A.† 
Total  161.07  
 
†Not applicable. 
 
  
 
 
 
 
TABLE D2. GRAIN SIZE OF UNIT A (I) IN RIVERBANK PROFILE 2 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 4.13 1.53 very coarse sand 
14 1.4 mm 1.34 0.50 very coarse sand 
18 1.0 mm 1.79 0.66 very coarse sand/coarse sand 
35 500 μm 12.10 4.49 coarse sand/medium sand 
45 355 μm 22.44 8.32 medium sand 
60 250 μm 85.54 31.72 medium sand/fine sand 
120 120 μm 59.83 22.19 fine sand 
170 90 μm 34.21 12.69 very fine sand 
230 63 μm 20.52 7.61 very fine sand/coarse silt 
325 45 μm 9.88 3.66 coarse silt 
<325 <45 μm 17.86 6.62 N.A.† 
Total  269.64  
 
†Not applicable. 
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TABLE D3. GRAIN SIZE OF UNIT B (II) IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve  
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 8.55 3.26 very coarse sand 
14 1.4 mm 1.38 0.53 very coarse sand 
18 1.0 mm 3.35 1.28 very coarse sand/coarse sand 
35 500 μm 12.34 4.71 coarse sand/medium sand 
45 355 μm 29.24 11.16 medium sand 
60 250 μm 56.17 21.43 medium sand/fine sand 
120 120 μm 65.83 25.12 fine sand 
170 90 μm 13.76 5.25 very fine sand 
230 63 μm 57.64 21.99 very fine sand/coarse silt 
325 45 μm 9.79 3.74 coarse silt 
<325 <45 μm 4.06 1.55 N.A.† 
Total  262.11  
 
†Not applicable. 
 
  
 
 
 
 
TABLE D4. GRAIN SIZE OF UNIT B (II) IN RIVERBANK PROFILE 2 
Sieve 
number 
Sieve  
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 4.76 1.52 very coarse sand 
14 1.4 mm 2.97 0.95 very coarse sand 
18 1.0 mm 2.64 0.84 very coarse sand/coarse sand 
35 500 μm 16.39 5.24 coarse sand/medium sand 
45 355 μm 35.96 11.50 medium sand 
60 250 μm 104.21 33.32 medium sand/fine sand 
120 120 μm 70.81 22.64 fine sand 
170 90 μm 31.33 10.02 very fine sand 
230 63 μm 19.63 6.28 very fine sand/coarse silt 
325 45 μm 8.78 2.81 coarse silt 
<325 <45 μm 15.28 4.89 N.A.† 
Total  312.76  
 
†Not applicable. 
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TABLE D5. GRAIN SIZE OF UNIT C (IX) IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.56 0.65 very coarse sand 
14 1.4 mm 0.04 0.05 very coarse sand 
18 1.0 mm 0.50 0.58 very coarse sand/coarse sand 
35 500 μm 5.34 6.24 coarse sand/medium sand 
45 355 μm 9.46 11.06 medium sand 
60 250 μm 19.00 22.22 medium sand/fine sand 
120 120 μm 35.74 41.79 fine sand 
170 90 μm 5.31 6.21 very fine sand 
230 63 μm 5.01 5.86 very fine sand/coarse silt 
325 45 μm 2.58 3.02 coarse silt 
<325 <45 μm 1.98 2.32 N.A.† 
Total  85.52  
 
†Not applicable. 
 
  
 
 
 
 
TABLE D6. GRAIN SIZE OF UNIT C (IX) IN RIVERBANK PROFILE 2 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.57 0.24 very coarse sand 
14 1.4 mm 0.47 0.20 very coarse sand 
18 1.0 mm 0.68 0.29 very coarse sand/coarse sand 
35 500 μm 2.74 1.18 coarse sand/medium sand 
45 355 μm 6.61 2.84 medium sand 
60 250 μm 51.06 21.90 medium sand/fine sand 
120 120 μm 74.69 32.04 fine sand 
170 90 μm 36.92 15.84 very fine sand 
230 63 μm 26.89 11.53 very fine sand/coarse silt 
325 45 μm 12.26 5.26 coarse silt 
<325 <45 μm 20.23 8.68 N.A.† 
Total  233.12  
 
†Not applicable. 
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TABLE D7. GRAIN SIZE OF UNIT C (IX) IN GRID UNIT N730 E1057† 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.87 0.29 very coarse sand 
14 1.4 mm 1.14 0.38 very coarse sand 
18 1.0 mm 1.85 0.61 very coarse sand/coarse sand 
35 500 μm 12.60 4.17 coarse sand/medium sand 
45 355 μm 21.72 7.19 medium sand 
60 250 μm 138.14 45.71 medium sand/fine sand 
120 120 μm 89.12 29.49 fine sand 
170 90 μm 13.38 4.43 very fine sand 
230 63 μm 11.94 3.95 very fine sand/coarse silt 
325 45 μm 6.13 2.03 coarse silt 
<325 <45 μm 5.35 1.77 N.A.‡ 
Total  302.24  
 
†Western wall in grid unit N730 E1057 (see Fig. 10). 
‡Not applicable. 
 
 
 
 
 
TABLE D8. GRAIN SIZE OF UNIT D (IV) IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 1.71 1.05 very coarse sand 
14 1.4 mm 0.24 0.15 very coarse sand 
18 1.0 mm 1.01 0.62 very coarse sand/coarse sand 
35 500 μm 19.61 12.04 coarse sand/medium sand 
45 355 μm 27.92 17.15 medium sand 
60 250 μm 33.35 20.48 medium sand/fine sand 
120 120 μm 53.03 32.57 fine sand 
170 90 μm 12.48 7.66 very fine sand 
230 63 μm 7.75 4.76 very fine sand/coarse silt 
325 45 μm 3.67 2.25 coarse silt 
<325 <45 μm 2.05 1.26 N.A.† 
Total  162.82  
 
†Not applicable. 
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TABLE D9. GRAIN SIZE OF UNIT D (IV) IN RIVERBANK PROFILE 2 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.39 0.12 very coarse sand 
14 1.4 mm 0.34 0.10 very coarse sand 
18 1.0 mm 0.41 0.13 very coarse sand/coarse sand 
35 500 μm 1.96 0.60 coarse sand/medium sand 
45 355 μm 4.27 1.31 medium sand 
60 250 μm 44.85 13.71 medium sand/fine sand 
120 120 μm 137.6 42.06 fine sand 
170 90 μm 81.43 24.89 very fine sand 
230 63 μm 26.25 8.02 very fine sand/coarse silt 
325 45 μm 20.72 6.33 coarse silt 
<325 <45 μm 8.92 2.73 N.A.† 
Total  327.14  
 
†Not applicable. 
 
  
 
 
 
 
TABLE D10. GRAIN SIZE OF UNIT E (VI) IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 19.42 6.99 very coarse sand 
14 1.4 mm 0.92 0.33 very coarse sand 
18 1.0 mm 1.95 0.70 very coarse sand/coarse sand 
35 500 μm 24.99 8.99 coarse sand/medium sand 
45 355 μm 41.67 15.00 medium sand 
60 250 μm 71.16 25.61 medium sand/fine sand 
120 120 μm 78.75 28.34 fine sand 
170 90 μm 16.32 5.87 very fine sand 
230 63 μm 13.63 4.90 very fine sand/coarse silt 
325 45 μm 5.5 1.98 coarse silt 
<325 <45 μm 3.57 1.28 N.A.† 
Total  277.88  
 
†Not applicable. 
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TABLE D11. GRAIN SIZE OF UNIT E (VI) IN RIVERBANK PROFILE 2 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.39 0.12 very coarse sand 
14 1.4 mm 0.29 0.09 very coarse sand 
18 1.0 mm 0.42 0.13 very coarse sand/coarse sand 
35 500 μm 2.10 0.63 coarse sand/medium sand 
45 355 μm 8.06 2.42 medium sand 
60 250 μm 159.41 47.96 medium sand/fine sand 
120 120 μm 120.45 36.24 fine sand 
170 90 μm 31.11 9.36 very fine sand 
230 63 μm 6.77 2.04 very fine sand/coarse silt 
325 45 μm 2.03 0.61 coarse silt 
<325 <45 μm 1.35 0.41 N.A.† 
Total  332.38  
 
†Not applicable. 
 
  
 
 
 
 
TABLE D12. GRAIN SIZE OF UNIT E (VI) IN GRID UNIT N730 E1057† 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 25.32 6.41 very coarse sand 
14 1.4 mm 4.88 1.24 very coarse sand 
18 1.0 mm 8.67 2.19 very coarse sand/coarse sand 
35 500 μm 63.32 16.03 coarse sand/medium sand 
45 355 μm 89.12 22.56 medium sand 
60 250 μm 115.57 29.25 medium sand/fine sand 
120 120 μm 46.32 11.72 fine sand 
170 90 μm 16.01 4.05 very fine sand 
230 63 μm 12.08 3.06 very fine sand/coarse silt 
325 45 μm 5.70 1.44 coarse silt 
<325 <45 μm 8.07 2.04 N.A.‡ 
Total  395.06  
 
† Western wall in grid unit N730 E1057 (see Fig. 10). 
‡Not applicable. 
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TABLE D13. GRAIN SIZE OF UNIT F IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 1.02 0.65 very coarse sand 
14 1.4 mm 0.02 0.01 very coarse sand 
18 1.0 mm 0.85 0.54 very coarse sand/coarse sand 
35 500 μm 6.92 4.44 coarse sand/medium sand 
45 355 μm 20.88 13.38 medium sand 
60 250 μm 69.39 44.48 medium sand/fine sand 
120 120 μm 43.98 28.19 fine sand 
170 90 μm 7.22 4.63 very fine sand 
230 63 μm 3.58 2.29 very fine sand/coarse silt 
325 45 μm 1.21 0.78 coarse silt 
<325 <45 μm 0.94 0.60 N.A.† 
Total  156.01  
 
†Not applicable. 
 
  
 
 
 
 
TABLE D14. GRAIN SIZE OF UNIT G IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.12 0.04 very coarse sand 
14 1.4 mm 0.17 0.06 very coarse sand 
18 1.0 mm 0.55 0.18 very coarse sand/coarse sand 
35 500 μm 2.25 0.75 coarse sand/medium sand 
45 355 μm 8.19 2.72 medium sand 
60 250 μm 45.85 15.25 medium sand/fine sand 
120 120 μm 148.63 49.44 fine sand 
170 90 μm 45.49 15.13 very fine sand 
230 63 μm 33.55 11.16 very fine sand/coarse silt 
325 45 μm 9.98 3.32 coarse silt 
<325 <45 μm 5.85 1.95 N.A.† 
Total 300.63  
 
†Not applicable. 
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TABLE D15. GRAIN SIZE OF UNIT G IN RIVERBANK PROFILE 2 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.08 0.02 very coarse sand 
14 1.4 mm 0.26 0.07 very coarse sand 
18 1.0 mm 0.45 0.11 very coarse sand/coarse sand 
35 500 μm 5.85 1.49 coarse sand/medium sand 
45 355 μm 29.11 7.39 medium sand 
60 250 μm 122.54 31.11 medium sand/fine sand 
120 120 μm 162.76 41.32 fine sand 
170 90 μm 50.19 12.74 very fine sand 
230 63 μm 14.48 3.68 very fine sand/coarse silt 
325 45 μm 5.50 1.40 coarse silt 
<325 <45 μm 2.68 0.68 N.A.† 
Total 393.90  
 
†Not applicable. 
 
  
 
 
 
 
TABLE D16. GRAIN SIZE OF UNIT H IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.21 0.06 very coarse sand 
14 1.4 mm 0.41 0.12 very coarse sand 
18 1.0 mm 0.39 0.12 very coarse sand/coarse sand 
35 500 μm 1.44 0.43 coarse sand/medium sand 
45 355 μm 3.14 0.94 medium sand 
60 250 μm 22.86 6.84 medium sand/fine sand 
120 120 μm 114.76 34.34 fine sand 
170 90 μm 99.12 29.66 very fine sand 
230 63 μm 65.29 19.54 very fine sand/coarse silt 
325 45 μm 17.64 5.28 coarse silt 
<325 <45 μm 8.91 2.67 N.A.† 
Total  334.17  
 
†Not applicable. 
 
  
 
 
 
 
 
 
 
 
 82
TABLE D17. GRAIN SIZE OF UNIT X IN GRID UNIT N730 E 1057† 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 12.97 2.67 very coarse sand 
14 1.4 mm 5.90 1.22 very coarse sand 
18 1.0 mm 9.26 1.91 very coarse sand/coarse sand 
35 500 μm 96.08 19.80 coarse sand/medium sand 
45 355 μm 158.53 32.67 medium sand 
60 250 μm 151.34 31.19 medium sand/fine sand 
120 120 μm 37.10 7.65 fine sand 
170 90 μm 11.97 2.47 very fine sand 
230 63 μm 1.21 0.25 very fine sand/coarse silt 
325 45 μm 0.46 0.09 coarse silt 
<325 <45 μm 0.41 0.08 N.A.‡ 
Total  485.23  
 
† Western wall in grid unit N730 E1057 (see Fig. 10). 
‡Not applicable. 
 
 
 
 
 
TABLE D18. GRAIN SIZE OF UNIT I (VII) IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.25 0.07 very coarse sand 
14 1.4 mm 0.43 0.12 very coarse sand 
18 1.0 mm 1.08 0.31 very coarse sand/coarse sand 
35 500 μm 5.42 1.55 coarse sand/medium sand 
45 355 μm 7.96 2.28 medium sand 
60 250 μm 95.06 27.23 medium sand/fine sand 
120 120 μm 138.54 39.69 fine sand 
170 90 μm 54.02 15.48 very fine sand 
230 63 μm 29.45 8.44 very fine sand/coarse silt 
325 45 μm 11.93 3.42 coarse silt 
<325 <45 μm 4.92 1.41 N.A.† 
Total 349.06  
 
†Not applicable. 
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TABLE D19. GRAIN SIZE OF UNIT I (VII) IN RIVERBANK PROFILE 2 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.21 0.07 very coarse sand 
14 1.4 mm 0.31 0.10 very coarse sand 
18 1.0 mm 0.70 0.23 very coarse sand/coarse sand 
35 500 μm 0.93 0.31 coarse sand/medium sand 
45 355 μm 2.65 0.88 medium sand 
60 250 μm 55.28 18.30 medium sand/fine sand 
120 120 μm 171.17 56.66 fine sand 
170 90 μm 32.40 10.73 very fine sand 
230 63 μm 20.85 6.90 very fine sand/coarse silt 
325 45 μm 11.20 3.71 coarse silt 
<325 <45 μm 6.39 2.12 N.A.† 
Total  302.09  
 
†Not applicable. 
 
  
 
 
 
 
TABLE D20. GRAIN SIZE OF UNIT J IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.16 0.04 very coarse sand 
14 1.4 mm 0.10 0.04 very coarse sand 
18 1.0 mm 0.11 0.04 very coarse sand/coarse sand 
35 500 μm 0.84 0.23 coarse sand/medium sand 
45 355 μm 8.54 2.36 medium sand 
60 250 μm 100.97 27.93 medium sand/fine sand 
120 120 μm 152.67 42.23 fine sand 
170 90 μm 52.34 14.48 very fine sand 
230 63 μm 22.05 6.10 very fine sand/coarse silt 
325 45 μm 15.86 4.39 coarse silt 
<325 <45 μm 7.87 2.18 N.A.† 
Total  361.51  
 
†Not applicable. 
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TABLE D21. GRAIN SIZE OF UNIT K IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.06 0.04 very coarse sand 
14 1.4 mm 0.07 0.05 very coarse sand 
18 1.0 mm 0.15 0.10 very coarse sand/coarse sand 
35 500 μm 1.18 0.80 coarse sand/medium sand 
45 355 μm 3.66 2.48 medium sand 
60 250 μm 57.55 38.94 medium sand/fine sand 
120 120 μm 66.78 45.18 fine sand 
170 90 μm 5.07 3.43 very fine sand 
230 63 μm 8.65 5.85 very fine sand/coarse silt 
325 45 μm 2.12 1.43 coarse silt 
<325 <45 μm 2.51 1.70 N.A.† 
Total  147.80  
 
†Not applicable. 
 
  
 
 
 
 
TABLE D22. GRAIN SIZE OF UNIT L IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.28 0.21 very coarse sand 
14 1.4 mm 0.40 0.31 very coarse sand 
18 1.0 mm 1.29 0.99 very coarse sand/coarse sand 
35 500 μm 2.64 2.02 coarse sand/medium sand 
45 355 μm 23.21 17.76 medium sand 
60 250 μm 29.52 22.58 medium sand/fine sand 
120 120 μm 67.73 51.81 fine sand 
170 90 μm 2.28 1.74 very fine sand 
230 63 μm 1.96 1.50 very fine sand/coarse silt 
325 45 μm 0.71 0.54 coarse silt 
<325 <45 μm 0.70 0.54 N.A.† 
Total  130.72  
 
†Not applicable. 
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TABLE D23. GRAIN SIZE OF UNIT M IN RIVERBANK PROFILE 1 
Sieve 
number 
Sieve 
size 
Weight 
(g) 
Percentage of 
total weight 
Grain size 
10 2.0 mm 0.47 0.20 very coarse sand 
14 1.4 mm 0.85 0.36 very coarse sand 
18 1.0 mm 1.04 0.44 very coarse sand/coarse sand 
35 500 μm 15.20 6.39 coarse sand/medium sand 
45 355 μm 55.03 23.14 medium sand 
60 250 μm 63.08 26.53 medium sand/fine sand 
120 120 μm 60.72 25.53 fine sand 
170 90 μm 16.54 6.96 very fine sand 
230 63 μm 12.19 5.13 very fine sand/coarse silt 
325 45 μm 5.44 2.29 coarse silt 
<325 <45 μm 7.25 3.05 N.A.† 
Total  237.81  
 
†Not applicable. 
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Appendix E 
 
HEC-RAS Output Data 
 
 
 
 
Owyhee River Steady Flow Analysis: BCSS 
Plan: Test Run 9 for Flow Estimates 
Cross-Section 1 
 
Figure E1. HEC-RAS cross-section 1 output. BCSS—Birch Creek study site. 
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Owyhee River Steady Flow Analysis: BCSS 
Plan: Test Run 9 for Flow Estimates 
Cross-Section 2 
 
Figure E2. HEC-RAS cross-section 2 output. BCSS—Birch Creek study site. 
 
 
 
Owyhee River Steady Flow Analysis: BCSS 
Plan: Test Run 9 for Flow Estimates 
Cross-Section 3 
 
Figure E3. HEC-RAS cross-section 3 output. BCSS—Birch Creek study site. 
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Owyhee River Steady Flow Analysis: BCSS 
Plan: Test Run 9 for Flow Estimates 
Cross-Section 4 
 
Figure E4. HEC-RAS cross-section 4 output. BCSS—Birch Creek study site. 
 
 
 
Owyhee River Steady Flow Analysis: BCSS 
Plan: Test Run 9 for Flow Estimates 
Cross-Section 5 
 
Figure E5. HEC-RAS cross-section 5 output. BCSS—Birch Creek study site. 
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Appendix F 
 
SNOTEL Data 
 
 
TABLE F1. SNOTEL STATION ELEVATION 
Station Elevation  (ft) 
Big Bend 6700 
Fawn Creek 7000 
Laurel Draw 6697 
Jack Creek Upper 7250 
Jacks Peak 8420 
Taylor Canyon 6200 
 
 
 
 
 
 
 
TABLE F2. MONTHLY MEAN, MAXIMUM, AND MINIMUM PRECIPITATION 
FOR STATION NV15H04S, BIG BEND, UPPER OWYHEE RIVER† 
 March 
1981 
(ft) 
March 
1984 
(ft) 
March 
1987 
(ft) 
March 
1990 
(ft) 
March 
1993‡ 
(ft) 
March 
1996 
(ft) 
March 
1999 
(ft) 
March 
2002 
(ft) 
March 
2005 
(ft) 
Mean 6.3 16.1 5.5 7.8 10.9 11.3 7.8 8.6 7.6 
Maximum 7.4 17.1 6.4 8.2 12.4 12.2 8.2 9.0 8.9 
Minimum 5.9 15.5 4.5 6.8 12.4 10.2 7.3 8.2 7.1 
Mean 
snow pack 
 
2.1 
 
17.1 
 
2.5 
 
7.9 
 
12.3 
 
10.5 
 
9.0 
 
11.5 
 
6.0 
 †Precipitation record for station NV15H04S, Big Bend, extends from 1979 to 2006. Data in this 
table were selected in 3-yr intervals in order to show data from 1993. 
 ‡March 18, 1993 was the date of the largest recorded discharge on the Owyhee River. 
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TABLE F3. MONTHLY MEAN, MAXIMUM, AND MINIMUM PRECIPITATION 
FOR STATION NV16H08S, FAWN CREEK, UPPER OWYHEE RIVER† 
 March 
1981 
(ft) 
March 
1984 
(ft) 
March 
1987 
(ft) 
March 
1990 
(ft) 
March 
1993‡ 
(ft) 
March 
1996 
(ft) 
March 
1999 
(ft) 
March 
2002 
(ft) 
March 
2005 
(ft) 
Mean 12.5 32.4 11.7 18.2 22.4 19.4 19.6 18.0 14.8 
Maximum 16.1 35.2 13.4 19.0 25.5 22.3 20.6 19.4 18.8 
Minimum 11.1 30.9 10.1 16.3 19.2 17.1 18.2 16.3 13.5 
Mean 
snow pack 
 
8.3 
 
30.2 
 
10.0 
 
18.6 
 
21.8 
 
14.1 
 
17.7 
 
14.8 
 
11.6 
 †Precipitation record for station NV16H08S, Fawn Creek, extends from 1981 to 2006. Data in 
this table were selected in 3-yr intervals in order to show data from 1993. 
 ‡March 18, 1993 was the date of the largest recorded discharge on the Owyhee River. 
 
 
 
 
TABLE F4. MONTHLY MEAN, MAXIMUM, AND MINIMUM PRECIPITATION 
FOR STATION NV16H05S, LAUREL DRAW, UPPER OWYHEE RIVER† 
 March 
1981 
(ft) 
March 
1984 
(ft) 
March 
1987 
(ft) 
March 
1990 
(ft) 
March 
1993‡ 
(ft) 
March 
1996 
(ft) 
March 
1999 
(ft) 
March 
2002 
(ft) 
March 
2005 
(ft) 
Mean 9.5 23.0 9.4 13.0 18.4 19.5 15.2 16.0 11.9 
Maximum 11.9 25.1 10.7 14.4 21.7 21.7 15.9 17.0 15.0 
Minimum 8.5 21.8 8.0 12.2 15.1 17.9 14.2 14.5 11.0 
Mean  
snow pack 
 
2.4 
 
18.8 
 
5.1 
 
9.5 
 
10.6 
 
9.6 
 
11.8 
 
11.1 
 
6.3 
 †Precipitation record for station NV16H05S, Laurel Draw, extends from 1980 to 2006. Data in 
this table were selected in 3-yr intervals in order to show data from 1993. 
 ‡March 18, 1993 was the date of the largest recorded discharge on the Owyhee River. 
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TABLE F5. MONTHLY MEAN, MAXIMUM, AND MINIMUM PRECIPITATION FOR 
STATION NV16H02S, JACK CREEK UPPER, SOUTH FORK OWYHEE RIVER† 
 March 
1981 
(ft) 
March 
1984 
(ft) 
March 
1987 
(ft) 
March 
1990 
(ft) 
March 
1993‡ 
(ft) 
March 
1996 
(ft) 
March 
1999 
(ft) 
March 
2002 
(ft) 
March 
2005 
(ft) 
Mean 11.4 29.6 10.8 13.7 20.2 21.7 15.5 16.5 13.9 
Maximum 14.4 32.5 12.3 14.5 22.7 23.8 16.2 17.6 16.7 
Minimum 10.2 25.8 9.3 12.1 17.5 19.2 14.7 15.1 12.9 
Mean  
snow pack 
 
8.0 
 
30.8 
 
11.4 
 
16.3 
 
25.4 
 
16.7 
 
17.6 
 
16.8 
 
11.2 
 †Precipitation record for station NV16H02S, Jack Creek Upper, extends from 1979 to 2006. Data 
in this table were selected in 3-yr intervals in order to show data from 1993. 
 ‡March 18, 1993 was the date of the largest recorded discharge on the Owyhee River. 
 
 
 
 
TABLE F6. MONTHLY MEAN, MAXIMUM, AND MINIMUM PRECIPITATION FOR 
STATION NV16H04S, JACKS PEAK, SOUTH FORK OWYHEE RIVER† 
 March 
1981 
(ft) 
March 
1984 
(ft) 
March 
1987 
(ft) 
March 
1990 
(ft) 
March 
1993‡ 
(ft) 
March 
1996 
(ft) 
March 
1999 
(ft) 
March 
2002 
(ft) 
March 
2005 
(ft) 
Mean N.A.§ 37.6 12.6 18.2 26.0 25.9 22.0 21.4 19.9 
Maximum N.A. 41.2 14.3 18.9 29.2 28.4 22.5 23.0 22.7 
Minimum N.A. 32.9 10.4 16.1 22.7 22.8 21.0 19.6 18.7 
Mean  
snow pack 
 
N.A. 
 
37.6 
 
12.6 
 
18.2 
 
30.0 
 
25.9 
 
22.0 
 
21.4 
 
19.9 
 
 
†Precipitation record for station NV16H04S, Jacks Peak, extends from 1982 to 2006. Data in this 
table were selected in 3-yr intervals in order to show data from 1993. 
 ‡March 18, 1993 was the date of the largest recorded discharge on the Owyhee River. 
 §Data not applicable. 
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TABLE F7. MONTHLY MEAN, MAXIMUM, AND MINIMUM PRECIPITATION 
FOR STATION NV15H09S,  TAYLOR CANYON, SOUTH FORK OWYHEE RIVER† 
 March 
1981 
(ft) 
March 
1984 
(ft) 
March 
1987 
(ft) 
March 
1990 
(ft) 
March 
1993‡ 
(ft) 
March 
1996 
(ft) 
March 
1999 
(ft) 
March 
2002 
(ft) 
March 
2005 
(ft) 
Mean 3.2 16.1 3.9 5.7 8.5 9.2 6.1 6.4 6.9 
Maximum 4.3 17.1 4.3 5.9 9.4 10.1 6.3 6.8 7.8 
Minimum 2.8 15.3 3.4 5.5 8.2 8.7 5.8 5.9 6.6 
Mean  
snow pack 
 
0.0 
 
16.5 
 
0.6 
 
2.2 
 
8.0 
 
8.0 
 
3.8 
 
9.4 
 
4.7 
 †Precipitation record for station NV15H09S, Taylor Canyon, extends from 1981 to 2006. Data in 
this table were selected in 3-yr intervals in order to show data from 1993. 
 ‡March 18, 1993 was the date of the largest recorded discharge on the Owyhee River. 
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Appendix G 
 
USGS Peak Flow Data for Historic Flood Record 
 
 
TABLE G1. OWYHEE RIVER PEAK FLOW DATA FROM 1950 TO 1982† 
Water year Discharge 
(ft3s−1) 
Discharge 
(m3s−1) 
1950 5370 152 
1951 13,000 368 
1952 27,800 787 
1953 5400 153 
1954 8100 229 
1955 5200 147 
1956 2300 65 
1957 16,200 459 
1958 11,400 323 
1959 2110 60 
1960 10,400 294 
1961 8710 247 
1962 9890 280 
1963 24,100 682 
1964 15,900 450 
1965 33,500 949 
1966 4880 138 
1967 5640 160 
1968 6360 180 
1969 17,800 504 
1970 16,700 473 
1971 28,900 818 
1972 25,300 716 
1973 4270 121 
1974 16,600 470 
1975 11,000 311 
1976 12,000 340 
1977 675 19 
1978 18,000 510 
1979 16,700 473 
1980 11,700 331 
1981 6060 172 
1982 21,300 603 
 †Measurements taken from United States Geological Survey gage station 
1318100 in Rome, Oregon. 
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TABLE G2. OWYHEE RIVER PEAK FLOW DATA FROM 1983 TO 2005† 
Water year Discharge 
(ft3s−1) 
Discharge 
(m3s−1) 
1983 16,400 464 
1984 24,900 705 
1985 11,800 334 
1986 41,400 1172 
1987 3900 110 
1988 3150 89 
1989 24,300 688 
1990 7340 208 
1991 4220 119 
1992 1330 38 
1993‡ 55,700 1577 
1994 1360 39 
1995 16,600 470 
1996 7670 217 
1997 35,600 1008 
1998 13,600 385 
1999 9570 271 
2000 4580 130 
2001 8580 243 
2002 11,300 320 
2003 4780 135 
2004 14,800 419 
2005 14,900 422 
 †Measurements taken from United States Geological Survey gage station 
1318100 in Rome, Oregon. 
 ‡Largest discharge recorded in Owyhee River historic record. 
 
 
